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CHAP.  I. 

The  Subject  of  this  Fffay  curious  and  interefting  in 
a very  high  degree. — All  the  Comforts , Conve- 
niencies , and  Luxuries  of  Life , are  -procured  by 
the  AJfiftance  of  Fire  and  of  Heat. — The  Wafte 
of  Fuel  very  great. — Importance  of  the  Economy  of 
Fuel  to  Individuals , and  to  the  Public. — Means 
ufed  for  ejlimating  the  Amount  of  the  Wafte  of  Fuel. 
— An  Account  of  the  firft  Kitchen  of  the  Houfe  of 
Induftry  at  Munich , and  of  the  Expence  of  Fuel  in 
that  Kitchen , compared  with  the  Quantity  confumed 
in  the  Kitchens  of  private  Families. — An  Account 
of  feveral  other  Kitchens  conftructed  on  various 
Principles  at  Munich , under  the  Direction  of  the 
Author. — Introduction  to  a more  fcicntifc  InveflL 
gation  of  the  Subjell  wider  confideration. 

'j^ro  fubjedt  of  philofophical  inquiry,  within  the 
limits  of  human  inveftigation,  is  more  calcu- 
lated to  excite  admiration,  and  to  awaken  curiofity, 
than  Fire  ; and  there  is  certainly  none  more  ex- 
tenfively  ufeful  to  mankind.  It  is  owing,  no  doubt, 
to  our  being  acquainted  with  it  from  our  infancy, 
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that  we  are  not  more  (truck  with  its  appearance, 
and  more  fenfible  of  the  benefits  we  derive  from  it. 
Atmoft  every  comfort  and  convenience  which  man 
by  his  ingenuity  procures  for  himfeif,  is  obtained 
by  its  aftiftance  ; and  he  is  not  more  aiftinguift  ed 
from  the  brute  creation  by  the  ufe  of  fpeech,  than 
by  his  power  over  that  wonderful  agent. 

Having  long  been  accuftomed  to  confider  the 
Management  of  Heat  as  a matter  of  the  higheft 
importance  to  mankind,  a habit  of  attending  care- 
fully to  every  circumftance  relative  to  this  iniereft- 
ing  fubjeft  that  occafionally  came  under  my  obferv- 
ation,  foon  led  me  to  difcover  how  much  this 
fcience  has  been  neglected,  and  how  much  room 
there  is  for  very  elfential  improvements  in  almofl 
all  thofe  various  operations  in  which  heat  is  em- 
ployed for  the  purpofes  of  human  life. 

The  great  wafte  of  Fuel  in  all  countries  muff  be 
apparent  to  the  mod  curfory  obferver ; and  the 
ufies  to  which  Fire  is  employed  are  fo  very  extenftve, 
and  the  expence  for  Fuel  makes  fo  confiderable  an 
article  in  the  lift  of  necdfari'es,  that  the  importance 
of  the  fubjeCt  cannot  be  denied. 

And  with  regard  to  the  Economy  of  Fuel,  it  has 
this  in  particular  to  recommend  it,  that  whatever 
is  faved  by  an  individual,  is  at  the  fame  time  a pc- 
fitive  faving  to  the  whole  community  ; for  the  lefs 
demand  there  is  for  any  article  in  the  market,  the 
lower  will  be  its  price ; and  as  all  the  fubje&s  of 
ufeful  induftry — all  the  arts  and  manufactures, 
without  exception,  depend,  direCtly  or  indireftly, 
on  operations  in  which  Fire  is  neceffary,  it  is  of 
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much  importance  to  a manufacturing  and  com- 
mercial country  to  keep  the  price  of  Fuel  as  low  as 
pofhble  : — And  even  in  countries  where  there  are 
no  manufactures,  and  where  the  inhabitants  fubfifl 
entirely  by  agriculture,  if  wood  be  ufed  as  Fuel — 
as  the  proportion  of  woodland  to  arable  mult  de- 
pend in  a great  meafure  on  the  confumption  of  fire- 
wood, any  faving  of  Fuel  will  be  attended  with  a 
proportional  diminution  of  the  forefts  referved  for 
fire-wood, — confequently,  with  an  increafe  of  the 
lands  under  cultivation, — with  an  increafe  of  inha- 
bitants,— and  of  national  wealth,  ftrength,  and 
profperity. 

But  what  renders  this  fubjeCt  peculiarly  intereft- 
ing,  is  the  great  relief  to  the  poor  in  all  countries, 
and  particularly  in  all  cold  climates,  and  in  all  great 
cities  in  every  climate,  that  would  refult  from  any 
confiderable  diminution  of  the  price  of  Fuel,  or 
from  any  fimple  contrivance  by  which  a fmaller 
quantity  of  this  neceffary  article  than  they  now  are 
obliged  to  employ  to  make  themfelves  comfortable, 
might  be  made  to  perform  the  fame  fervices.  Thofe 
who  have  never  been  expofed  to  the  inclemencies  of 
the  feafons, — who  have  never  been  eye-witneffes  to 
the  fufferings  of  the  poor  in  their  miferable  habita- 
tions, pinched  with  cold  and  flarving  with  hunger, 
— can  form  no  idea  of  the  importance  to  them 
of  the  fubject  which  I propofe  to  treat  in  this 
Effay. 

• To  all  thofe  who  take  pleafure  in  doing  good  to 
mankind  by  promoting  ul'eful  knowledge,  and  faci- 
litating the  means  of  procuring  the  comforts  and 
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conveniencies  of  life,  thefe  invefligations  cannot  but 
be  very  interefting. 

Though  it  is  generally  acknowledged  that  there 
is  a great  wafte  of  Fuel  in  all  countries,  arifm'g  from 
ignorance  and  careleffnefs  in  the  management  of 
Fire,  yet  few, — very  few,  I believe, — are  aware  of 
the  real  amount  of  this  wafte. 

From  the  refult  of  all  my  inquiries  upon  this 
fubjeCt,  1 have  been  led  to  conclude,  that  not  lefs 
than  f even-eighths  of  the  heat  generated,  or  which, 
with  proper  management , might  be  generated , from 
the  Fuel  actually  confumed,  is  carried  up  into  the 
atmofphere  with  the  finoke,  and  totally  loft.  And 
this  opinion  has  not  been  formed  haftily ; on  the 
contrary,  it  is  the  refult  of  much  attentive  obferv- 
ation,  and  of  many  experiments.  But,  in  a matter 
of  fo  much  importance,  I feel  it  to  be  my  duty  not 
merely  to  give  the  Public  my  opinions , but  to  lay  be- 
fore them  the  grounds  upon  which  thofe  opinions 
have  been  founded  ; in  order  that  every  one  may 
judge  for  himfelf  of  the  certainty,  or  probability,  of 
my  deductions. 

It  would  not  be  difficult,  merely  from  a confider- 
ation  of  the  nature  of  heat, — of  the  manner  in 
which  it  is  generated  in  the  combuffion  of  Fuel, 
anti  the  manner  in  which  it  exilts  when  generated, 
“—to  ffiow  that,  as  the  procefs  of  boiling  is  com- 
monly performed,  there  muff  of  neceffity  be  a very 
great  lofs  of  heat ; for  when  the  veffel,  in  which  the 
fluid  to  be  boiled  is  contained,  is  placed  over  an  open 
or  naked  fire,  not  only  by  far  the  greater  part  of 
the  radiant  heat  is  totally  loft,  but  alfo  of  that  which 
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exifts  in  the  flame,  fmoke,  and  hot  vapour,  a very 
fmall  proportion  only  enters  the  veflel ; the  reft 
going  off  with  great  rapidity,  by  the  chimney,  into 
the  higher  regions  of  the  atmofphere.  But,  with- 
out infilling  upon  thefe  reafonings,  (though  they 
are  certainly  incontrovertible,)  I lhall  endeavour  to 
eftablifh  the  facts  in  queftion  upon  ftill  more  folid 
ground — that  of  actual  experiment. 

In  the  profecution  of  the  experiments  neceflary 
in  this  inveftigation,  I proceeded  in  the  following 
manner  : — As  the  quantity  of  heat  which  any  given 
quantity  of  any  given  kind  of  Fuel  is  capable  of  ge- 
nerating is  not  known,  there  is  no  fixed  ftandard 
with  which  the  refult  of  an  experiment  can  be  com- 
pared, in  order  to  afcertain  exadtly  the  proportion  of 
the  heat  faved,  or  ufefully  employed,  to  that  loft  : 
Inflead,  therefore,  of  being  able  to  determine  this 
point  dired/y , I was  obliged  to  have  recourfe  to 
approximations.  Inftead  of  determining  the  quan- 
tity of  heat  loft  in  any  given  operation,  I endea- 
voured to  And  out  with  how  much  lefs  Fuel  the 
fame  operation  might  be  performed,  by  a more  ad- 
vantageous arrangement  of  the  Fire,  and  difpofition 
of  the  machinery : And  feveral  extenfive  public 
eftablilhments,  which  have  been  eredted  in  Bavaria 
within  thefe  laft  fix  or  feven  years,  under  my  direc- 
tion, by  order  of  His  Mod  Serene  Highnefs  the 
Elector  Palatine  ; particularly  an  eftablifh- 
ment  for  the  Poor  of  Munich  (of  which  an  account 
has  been  given  to  the  Public  in  my  Firft  Eflay);  and 
the  Eftablifhment  of  a Public  Academy  for  the  edu- 
cation of  i So  young,  men,  deftined  for  the  lervice 
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of  the  State  in  the  different  civil  and  military  de- 
partments ; — the  economical  arrangement  of  thefe 
eflablifhments  afforded  me  a moft  favourable  op- 
portunity of  putting  into  practice  all  my  ideas  re- 
lative to  the  Management  of  Fire  : and  of  afcertain- 
ing,  by  numerous  experiments  made  upon  a large 
fcale,  and  often  varied  and  repeated,  the  real  im- 
portance of  the  improvements  I have  introduced. 

That  many  experiments  have  been  actually 
made  in  thefe  two  eflablifhments,  during  the  feven 
years  they  have  exifted,  will  not  be  doubted  by 
thofe  who  are  informed,  that  the  Kitchen,  or  rather 
the  Fire-place  of  the  kitchen  of  the  Houfe  of  In- 
duftry,  has  been  pulled  down  and  built  entirely 
anew  no  lefs  than  three  times , and  that  of  the 
Military  Academy  twice , during  that  period  ; and 
that  the  forms  of  the  boilers,  and  the  internal  con- 
ftruction  of  the  fire-places,  have  been  changed  ftili 
oftener. 

The  importance  of  the  improvements  in  the  ma- 
nagement of  heat  employed  in  culinary  operations, 
which  have  refulted  from  thefe  inveftigations,  will 
appear  by  comparing  the  quantity  of  Fuel  now 
actually  ufed  in  thofe  kitchens,  to  that  confumed  in 
performing  the  fame  operations  in  kitchens  on  the 
common  conftrudtion : And  this  will  at  the  fame 
time  fhow,  in  a clear  and  fatisfa&ory  manner, 
what  1 propofed  to  prove, — namely,  that  in  all  the 
common  operations  in  which  Fire  is  employed, 
there  is  a very  great  wafte  of  Fuel. 

lhe  Wafte  of  Fuel  in  boiling  water  or  any  other 
liquid  over  an  open  fire,  in  the  manner  in  which 
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that  procefs  is  commonly  performed,  and  the  great 
faving  of  Fuel  which  will  refult  from  a more  ad- 
vantageous difpofition  and  management  of  the  Fire, 
will  be  evident  from  the  refults  of  the  following 
Experiments,  all  of  which  were  made  by  myfelf,  and 
with  the  utmoft  care. 


Experiment,  No.  1. 

A copper  boiler  belonging  to  the  kitchen  of  the 
Military  Academy  in  Munich,  22  Rhinland  inches 
in  diameter  above,  19  \ inches  in  diameter  below, 
and  24  inches  in  depth,  and  which  weighed  50  lbs. 
weight  of  Bavaria,  (“61.92  lbs.  Avoirdupois,) 
being  fixed  in  its  fire-place,  was  filled  with  95  Ba- 
varian meafures  (=  28  Englifh  wine-gallons)  of 
water,  which  weighed  187  Bavarian  pounds 
(=232.58  lbs.  Avoirdupois);  and  this  water  be- 
ing at  the  temperature  of  58°  F.  a fire  was  lighted 
under  the  boiler  with  dry  beech-wood,  and  the 
water  was  made  to  boil,  and  was  continued  boiling 
two  hours.  The  time  employed  and  wood  con- 
fumed  in  this  Experiment  were  as  follows : 

Time  employed.  Wood  confumed. 

Hours.  Min.  lbs. 

To  make  the  water  boil,  - - 1 1 — 11 

To  keep  the  water  boiling,  - - 2 o — 2~ 


Expe- 


Total, 


3 1 
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Experiment , No.  2. 

The  fame  boiler,  containing  the  fame  quantity 
of  water  at  the  fame  temperature,  being  now  re- 
moved to  the  kitchen  of  a private  gentleman  in  the 
neighbourhood,  (Baron  de  Schwachheim,  a bro- 
ther of  the  Commandant  of  the  Academy,)  and 
placed  upon  a tripod,  a quantity  of  the  fame  kind 
of  wood  ufed  in  the  former  Experiment  being  pro- 
vided, a fire  was  lighted  under  it  by  the  gentle- 
man’s cook,  (directions  having  been  given  to  be  as 
fparing  as  poflible  of  Fuel,)  and  it  was  made  to 
boil,  and  continued  boiling  two  hours. 

The  refult  of  the  Experiment  was  as  follows : 


t , 

Time  employed. 

Wood  confumed. 

Hours.  Min. 

lbs. 

To  make  the  water  boil. 

I 31 

— 45 

To  keep  it  boiling, 

2 O 

— il  i 

Total, 

3 3 1 

M 

so 

1 

As  in  thefe  two  Experiments  the  fame  boiler  was 
employed; — as  the  quantity  of  water  was  the  fame, 
— as  alfo  its  temperature  at  the  beginning  of  the 
Experiments, — and  as  it  was  made  to  continue 
boiling  during  the  fame  length  of  time,  it  is  evident 
that  the  quantities  of  wood  confirmed  fliow  the  re- 
lative advantages  of  the  different  methods  employed 
in  the  management  of  the  Fire.  The  difference  of 
thefe  quantities  of  Fuel  is  very  great  (the  one  be-, 
ing  only  13I  lbs.  and  the  other  amounting  to  no 
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Jefs  than  62  v lbs.)  And  this  fliows  how  very  con- 
fiderable  the  wafte  of  Fuel  really  is,  in  the  manner 
in  which  it  is  commonly  employed  for  culinary  pur- 
pofes,  and  how  important  the  favings  are  which 
may  be  made  by  introducing  a more  advantageous 
arrangement  for  the  management  of  Fire.  But,  great 
as  thefe  favings  may  appear  to  be,  as  fhown  by  the 
refults  of  the  foregoing  Experiments,  yet  they  are 
in  fa<ft  hill  more  confiderable,  as  will  be  abun- 
dantly proved  in  the  fequel.  In  the  Experiment, 
No.  2.  in  which  the  boiler  was  put  over  an  open 
Fire,  great  care  was  taken  to  place  the  Fuel  in  the 
moft  advantageous  manner  ; but,  in  general,  little 
attention  is  paid  to  that  circumftance,  and  the  wafte 
of  Fuel  is  greatly  increafed  by  fuch  negligence  : But 
in  clofed  fire-places,  upon  a good  conftruction,  as 
the  proper  place  for  the  Fuel  cannot  be  miftaken, 
and  as  it  is  fixed  and  bounded  on  all  fides  by  a 
wall,  the  ignorance  or  inattention  of  thofe  who 
take  care  of  the  Fire  can  never  be  productive  of 
any  great  wafte  of  Fuel;  and  this  is  an  advan- 
tage of  no  fmall  importance  attending  thefe  fire- 
places. 
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Experiment,  No.  3. 

A large  copper  fauce-pan  or  caffe  role,  1 1 £ inches 
in  diameter  above, — io|  in  diameter  below,  and 
3 1 inches  deep,  containing  4 meafures  of  water, 
weighing  744  lbs.  and  at  the  temperature  of  58°  F. 
being  placed  in  its  clofed  fire-place,  and  a fire  be- 
ing made  under  it  with  fmall  pieces  of  dry  beech- 
wood  cut  in  lengths  of  about  4 inches,  the  water 
was  made  to  boil,  and  was  continued  boiling  two 
hours. 

The  refult  of  the  Experiment  was  as  follows : 

Time  employed.  Wood  confumed. 


Hours.  Min.  lbs. 

To  make  the  water  boil,  - - o 12  — x 

To  keep  it  boiling,  2 o — o£ 


Total,  2 12  — 


Experiment , No.  4. 


The  fame  fauce-pan,  containing  the  fame  quan- 
tity of  water,  and  at  the  fame  temperature  as  in  the 
laft  Experiment,  was  now  taken  from  its  proper  fire- 
place, and  placed  upon  a tripod  ; and  a fire  being 
made  under  it  with  dry  beech-wood,  the  refult  of 
the  Experiment  was  as  follows  : 

Time  employed.  Wood  confumed. 

Hours.  Min.  lbs. 

To  make  the  water  boil,  o 28  — 6 

To  keep  it  boiling,  2 o — 5^ 

— ui 

The 


Total, 


2 28 
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The  difference  in  the  refult  of  thefe  two  Expe- 
riments is  nearly  the  fame  as  that  in  the  refults  of 
thofe  before  mentioned,  and  they  all  tend  to  fhow, 
that  in  cooking,  or  boiling  over  an  open  fire,  nearly 
five  times  as  much  Fuel  is  required,  as  when  the  heat 
is  confined  in  a clofed  fire-place,  and  its  operation 
properly  directed. 

But  I muff  again  repeat,  what  I have  already  ob- 
ferved  with  refpeCt  to  the  two  former  Experiments, 
as  the  Experiments  No.  2.  and  No.  4.  were  both 
made  with  the  utmoft  care,  the  refults  of  them, 
compared  with  thofe  which  were  made  with  the 
fame  boilers  placed  in  clofed  fire-places,  can  give  no 
adequate  idea  of  the  real  lofs  of  heat,  and  wafte  of 
Fuel,  which  take  place  in  the  common  operations  of 
cookery. 

From  feveral  effimates  which  I have  made  with 
great  care  relative  to  this  fubject,  founded  upon 
the  quantity  of  Fuel  actually  confumed  in  the 
kitchens  of  feveral  private  families,  compared  with 
the  quantities  of  different  kinds  of  food  prepared 
for  the  table,  it  appears  that  at  leaff  nine-tenths  of 
the  wood  actually  confumed  in  common  kitchens, 
where  cooking  is  carried  on  over  an  open  fire, 
might  be  faved,  by  introducing  the  various  im- 
provements I have  brought  into  ufe  in  the  kitchens 
that  have  been  conffru&ed  under  my  directions. 

But  it  is  not  alone  in  kitchens,  in  which  cookinc 
is  carried  on  over  open  fires,  that  ufeful  alterations 
may  be  made;  kitchens  with  clofed  fire-places,  and 
indeed  all  the  kitchens  that  have  yet  been  con- 
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trived,  (as  far  as  my  knowledge  extends,)  are  fuf- 
ceptible  of  great  improvement. 

The  various  improvements  that  may  be  made  in 
mechanical  arrangements  for  the  Economy  of  Fuel, 
will  appear  in  a ftriking  manner  from  a detail  of  the 
different  alterations  which  have  from  time  to  time 
been  made  in  the  kitchen  of  the  Houfe  of  Induflry  at 
Munich,  and  in  that  of  the  Military  Academy,  and 
of  the  effects  produced  by  thole  progreffive  im- 
provements. 

The  Houfe  of  Induflry  being  an  eflablifhment  of 
public  charity,  and  the  number  of  thofe  fed  from 
the  kitchen  amounting  from'  1000  to  1 500  perfons 
daily,  the  Economy  of  Fuel,  in  a kitchen  upon  fo 
large  a fcale,  became  an  objedt  of  ferious  confider- 
ation  ; and  I attended  to  this  matter  with  peculiar 
pleafure,  as  it  fo  completely  coincided  with  my  fa*? 
vourite  philofophical  purfuits. 

The  invefligation  of  Heat*  and  of  the  laws  of  its 
operations,  had  long  occupied  my  attention,  and  I 
had  been  fo  fortunate,  in  the  courfe  of  my  Experi- 
ments upon  that  fubjecl,  as  to  make  fome  difeo- 
veries  which  were  thought  worthy  of  being  inferted 
in  the  Philofophical  Tranfadtions  of  the  Royal  So- 
ciety of  London  ; and,  for  my  lafl  paper  upon  that 
fubjedt,  publifhed  in  the  Tranfadtions  for  the  year 
1792,  I had  the  honour  to  receive  the  annual  Me- 
dal of  the  Society.  I hope  my  mentioning  this 
circumflance  will  not  be  attributed  to  oflentation. 
My  motive  in  doing  it,  is  merely  to  Ihow,  that  when 
1 undertook  to  make  the  arrangements  of  which  I. 
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am  about  to  give  an  account,  the  fubject  was  by 
no  means  new  to  me ; but,  on  the  contrary,  that  1 
was  prepared,  and  in  fome  meafure  qualiiied,  for 
fuch  inveftigation. 

I conceive  it  to  be  the  duty  of  thofe  who  propofe 
ufeful  improvements  for  the  benefit  of  mankind, 
not  only  to  merit , but  alfo  to  do  every  thing  in 
their  power  to  obtain , the  confidence  of  thofe  to 
whom  their  propofals  are  fubmitted ; and  there  ap- 
pears to  me  to  be  a much  greater  degree  of  pride 
and  arrogance  difplaye.i  by  an  author  in  taking  it 
for  granted  that  the  v,  c id  is  already  fufficicntly  ac- 
quainted with  h \ merit  and  his  qualifications  to 
treat  the  fubjeft  he  undertakes  to  inveftigate,  than 
in  modehly  pointing  out  the  grounds  upon  which 
the  confidence  of  the  Public  in  his  knowledge  of  his 
fubject,  and  in  his  integrity,  may  be  founded. 

But  to  return  from  this  digrefhon.  In  the  firft 
arrangement  of  the  kitchen  in  the  Houfe  of  Indullry 
at  Munich,  which  was  finifhed  in  the  beginning  of 
the  year  1790,  eight  large  copper  boilers,  each  ca- 
pable of  containing  about  3 Englifh  wine  gallons, 
were  placed  in  fuch  a manner  in  two  rows,  in  a fo- 
lid  mats  of  brick- work,  3 feet  high,  9 feet  wide, 
and  1 H feet  long,  built  in  the  middle  of  the  kitchen, 
that,  from  a fingle  fire-place,  fituated  at  one  end 
of  this  brick-work,  by  means  of  canals  (furnifhed 
with  valves  or  dampers)  going  from  it,  through  the 
folid  mafs  of  the  brick- work  to  all  the  different 
boilers,  thefe  boilers  were  all  heated,  and  made  to 
boil  with  one  fingle  fire  *,  and  though  none  of 
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them  were  in  attual  contaft  with  the  fire-place,  and 
fome  of  them  were  diftant  from  it  near  1 5 feet,  yet 
they  were  all  heated  with  great  facility,  and  in  a 
fhort  fpace  of  time,  by  the  heat  which,  upon  open- 
ing the  valves,  (which  were  of  iron,)  was  made  to 
pafs  through  the  canals. 

Each  boiler  having  its  feparate  canal,  and  its  fe- 
parate  valves,  any  fingle  boiler,  or  any  number  of 
them,  might  be  heated  at  pleafure,  without  heat- 
ing the  reft  ; and  by  opening  the  valves  of  any 
boiler  more  or  lefs,  more  or  lefs  heat,  as  the  oc- 
cafiOn  required,  might  be  made  to  pafs  under  the 
boiler ; — and  when  no  more  heat  was  wanting  for 
any  of  the  boilers,  or  when  the  fire  was  too  ftrong, 
by  opening  a particular  valve,  a communication 
with  a waft r canal  was  formed,  by  which  all  the 
heat,  or  any  part  of  it,  at  pleafure,  might  be  made 
to  pafs  off  direftly  into  the  chimney,  without  going 
near  any  of  the  boilers. 

The  Fire  was  regulated  by  a regifter  in  the  door 
of  the  afh-pit,  by  which  the  air  was  admitted  into 
the  fire-place  ; and,  when  no  more  heat  was  wanted, 
the  Fire  was  put  out  by  clofing  this  regifter  en- 
tirely, and  by  clofing  at  the  fame  time  all  the  valves 
or  dampers  in  the  canals  leading  from  the  fire- 
place. 

The  fire-place  was  of  an  oval  form,  3 feet  long, 

2 feet  3 inches  wnde,  and  about  18  inches  high, 
vaulted  above  with  a double  vault , 4 inches  of  air 
being  left  between  the  two  vaults ; and  the  Fuel 
was  introduced  into  the  fire-place  by  a paffagp 
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clofed  by  a double  iron  door,  which  door  was  kept 
conftantly  (hut ; — and  the  Fuel  was  burnt  upon  an 
iron  grate  ; the  air  which  fupplied  the  Fire  coming 
up  from  below  the  grate  through  the  afh-pit. 

The  lofs  of  heat  in  its  paflage  from  the  fire-place 
to  the  boilers,  was  prevented  by  making  the  canals 
of  communication  double , one  within  the  other ; the 
internal  canal  by  which  the  heat  pafled,  and  which 
was  5 inches  wide  internally,  and  6 inches  high, 
being  itfelf  placed,  and,  as  it  were,  infiulated , in  a 
canal  hill  larger,  in  fuch  a manner  that  the  canal 
by  which  the  heat  pafled,  (which  was  conftru&ed 
of  very  thin  bricks,  or  rather  tiles,)  was  furrounded 
on  every  fide  with  a wall,  2 inches  thick,  of  confined 
air.  The  furrounding  canal  being  formed  in  the 
folid  body  of  the  mafs  of  brick-work,  this  arrange- 
ment of  the  double  canals  was  entirely  concealed. 
The  double  canals  and  the  double  vault  over  the 
fire-place  were  intended  to  ferve  the  fame  purpofe, 
namely,  to  corfine  more  effectually  the  heat , and  pre- 
vent its  efcape  into  the  mafs  of  brick-work,  and  its 
confequent  lofs. 

Having  found,  in  the  courfe  of  my  experiments, 
that  confined  air  is  the  bed  barrier  * that  can  be 
oppofed  to  heat,  to  confine  it,  I endeavoured  to  avail 
myfelf  of  that  difcovery  in  thefe  economical  ar- 
rangements, and  my  attempts  were  not  unfuccefsful. 

Not  only  the  fire-place  itfelf,  and  the  canals  of 
communication  between  the  fire-place  and  the  boil- 

* See  Philafophical  Tran  fail  ions,  179*,  Parti. 
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ers,  were  furrounded  by  confined  air,  but  it  was 
alfo  made  ufe  of  for  confining  the  heat  in  the  boil- 
ers, and  preventing  its  efcaping  into  the  atmo- 
fphere.  This  was  done  by  making  the  covers  of 
the  boilers  double.  Thefe  covers,  (See  the  figures 
i and  2,  Plate  I.)  which  were  made  of  tin,  or  rather 
of  thin  iron-plates  tinned,  were  in  the  form  of  a 
hollow  cone  ; the  height  of  the  cone  was  equal  to 
about  one-third  of  its  diameter  ; and  the  air  which 
it  contained  was  entirely  fhut  up,  the  bottom  of  the 
cone  being  clofed  by  a circular  plate  or  thin  fheet  of 
tinned  iron.  The  bottom  of  the  cone  was  accu- 
rately fitted  to  the  top  of  the  boiler,  which  it  com- 
pletely clofed  by  means  of  a rim  about  2 inches 
wide,  which  entered  the  boiler ; which  rim  was 
foldered  to  the  flat  fheet  of  tinned  iron  which 
formed  the  bottom  of  the  cover.  The  fleam,  ge- 
nerated by  the  boiling  liquid,  was  carried  off  by  a 
tube  about  half  an  inch  in  diameter,  which  pafled 
through  the  hollow  conical  cover,  and  which  was 
attached  to  the  cover,  both  above  and  below,  with 
folder,  in  fuch  a manner  that  the  air  with  which 
the  hollow  cone  was  filled,  remained  completely 
confined,  and  cut  off  from  all  communication  with 
the  external  air  of  the  atmofphere,  as  well  as  with 
the  fleam  it  generated  in  the  boiler. 

In  fome  of  the  covers  I filled  the  hollow  of  the 
cone  with  fur ; but  I did  not  find  that  thefe  were 
fenfibly  better  for  confining  the  heat  than  thofe 
in  which  the  cone  was  filled  Amply  with  air. 
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To  convince  the  numerous  ftrangers,  who  from 
curiofity  vifited  this  kitchen,  of  the  great  advantage 
of  making  ufe  of  double  covers  to  confine  the  heat 
in  the  boilers,  inflead  of  ufing  fingle  covers  for 
that  purpofe,  a fingle  covet  was  provided,  which, 
as  it  was  externally  of  the  fame  form  as  the  others, 
when  it  was  placed  upon  a boiler,  could  not  be  dif- 
tinguifhed  from  them  ; but  as  its  bottom  was  want- 
ing, and  confequently  there  was  no  confined  air  in- 
terpofed  between  the  hot  fleam  in  the  boiler  and  the 
external  furface  of  the  cover,  on  being  placed  upon 
a kettle  actually  boiling,  this  cover  inflantaneoufly 
became  fo  exceedingly  hot  as  aflually  to  burn  thofe 
who  ventured  to  touch  it; — while  a double  cover , 
formed  of  the  fame  materials,  and  placed  in  the 
fame  fituation,  was  fo  moderately  warm  that  the 
naked  hand  might  be  held  upon  it  for  any  length 
of  time  without  the  lead  inconvenience. 

As  it  was  eafy  to  conceive  that  what  was  fo  ex- 
ceedingly hot  as  to  burn  the  hand,  in  an  inflant, 
upon  touching  it,  could  not  fail  to  communicate  a 
great  deal  of  heat  to  the  cold  atmofphere,  which 
continually  lay  upon  it,  this  Experiment  fhowed, 
in  a flriking  and  convincing  manner,  the  utility  of 
my  double  covers  ; and  I have  fince  had  the  fatif- 
faclion  to  fee  them  gradually  finding  their  way  into 
common  ufe. 

It  is  perhaps  quite  unneceffary  that  I fhould  in- 
form my  readers,  that  one  principal  motive  which 
induced  me  to  take  fo  much  pains  in  the  arrange- 
ment of  this  kitchen,  was  a defire  to  introduce  ufe- 
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ful  improvements  relative  to  the  Management  of 
Heat  and  the  Economy  of  Fuel,  into  common  prac- 
tice. An  eftablifhment  fo  interefting  in  all  re- 
fpeCts, — fo  important  in  its  confequences, — and  fo 
perfectly  new  in  Bavaria,  as  a public  Iioufe  of  In- 
duftry upon  a liberal  and  extenfive  plan, — where 
almolt  every  trade  and  manufacture  is  carried  on 
under  the  fame  roof, — where  the  poor  and  indigent 
of  both  fexes,  and  of  all  ages,  find  a comfortable 
afylum,  and  employment  fuited  to  their  (trength 
and  to  their  talents  ; and  where  induftry  is  excited, 
not  by  punijhments , but  by  the  moft  liberal  rewards, 
and  by  the  kindeft  ufage : Such  an  eflablifhment, 
I thought,  could  not  fail  to  excite  the  curiofity  of 
the  Public,  and  to  draw  together  a great  concourfe 
of  vifitors ; and  as  this  appeared  to  me  a favourable 
opportunity  to  draw  the  public  attention  to  ufeful 
improvements,  all  mymeafures  were  taken  accord- 
ingly ; and  not  only  the  kitchen,  but  alfo  the  bake- 
houfe, — the  ftoves  for  heating  the  rooms, — the 
lamps, — the  various  utenfils  and  machines  made 
ufe  of  in  the  different  manufactories, — -all  the  differ- 
ent economical  arrangements  and  contrivances  for 
facilitating  the  operations  of  ufeful  induftry,  were 
fo  many  models  exprefsly  made  for  imitation. 

But  in  the  arrangements  relative  to  the  Economy 
of  Fuel,  befides  a view  to  immediate  public  utility, 
another  motive,  not  much  lefs  powerful,  contri- 
buted to  induce  me  to  pay  all  poflible  attention  to 
the  fubjeCt ; namely,  a defire  to  acquire  a more 
thorough  knowledge  relative  to  the  nature  of  Heat, 
- • and 
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and  of  the  laws  of  its  operations  ; and  with  this 
view  feveral  parts  were  added  to  the  machinery, 
which  I fufpe&ed  at  the  time  to  be  too  complicated 
to  be  really  ufeful  in  common  practice. 

The  fleam,  for  inflance,  which  arofe  from  the 
boiling  liquids,  inflead  of  being  fullered  to  efcape 
into  the  atmofphere,  was  carried  up  by  tubes  into 
a room  immediately  over  the  kitchen,  where  it  was 
made  to  pafs  through  a fpiral  worm,  placed  in  a 
large  calk  full  of  cold  water,  and  condenfed,  giv- 
ing out  its  heat  to  the  water  in  the  calk ; which 
water  thus  warmed,  without  any  new  expence  of 
Fuel,  was  made  ufe  of  the  next  day,  inflead  of  cold 
water,  for  filling  the  boilers.  That  this  water,  fo 
warmed,  might  not  be  cooled  during  the  night,  the 
calk  that  contained  it  was  put  into  another  calk  flill 
larger ; and  the  fpace  between  the  two  calks  was 
filled  with  wool.  The  cooling  of  the  fleam,  in  its 
paffage  from  the  boiler  to  the  calk  where  it  was 
condenfed,  was  prevented  by  warm  coverings  of 
fheep-fkins  with  the  wool  on  them,  by  which 
the  tubes  of  communication,  which  were  of 
tin,  were  defended  from  the  cold  air  of  the 
atmofphere. 

By  this  contrivance,  the  heat,  that  would  other- 
wife  have  been  carried  off  by  the  fleam  into  the  at- 
mofphere and  totally  loft,  was  arrefled  in  its  flight, 
and  brought  back  into  the  boiler,  and  made  to  work 
the  fecond  day. 

By  other  contrivances,  the  fmoke  alfo  was  laid 
under  contribution.  After  it  had  paffed  under  the 
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boilers,  and  juft  as  it  was  about  to  efcape  by  the 
chimney,  it  was  {topped ; and,  by  being  made  to 
pafs  under  a large  copper  filled  with  cold  water, 
was  deprived  of  the  greater  part  of  the  heat  it  (till 
retained : And  thinking  it  probable  that  confider- 
able  advantages  would  be  derived  from  drying  the 
wood  very  thoroughly,  and  even  heating  it,  before 
it  was  made  ufe  of  for  Fuel,  the  fmoke  from  two  oi 
the  boilers  was  made  to  pafs  under  a plate  of  iron 
which  formed  the  bottom  of  an  oven,  in  which  the 
wood,  neceffary  for  the  confumption  of  the  kitchen 
for  one  day,  (having  been  previoufty  cut  into  billets 
of  a proper  fize,)  was  dried  during  24  hours,  pre- 
vious to  its  being  ufed. 

In  a fmaller  kitchen,  (adjoining  to  that  I have 
beep  defcribing,)  which  was  conftrufted  merely  as 
a model  for  imitation,  and  which  was  conftantly 
open  for  the  infpe&ion  of  the  Public,  five  boilers  of 
different  fizes,  all  heated  by  the  fame  fire,  were 
placed  in  a femicircular  mafs  of  brick-work,  and 
the  fmoke,  after  having  paffed  under  all  thefe  five 
boilers,  was  made  to  heat,  at  pleafure,  either  an 
oven,  or  water  which  was  contained  in  a wooden 
cafk  fet  upright  upon  the  brick-work. — A tube  of 
copper,  tinned  on  the  outfide,  which  went  through 
the  cafk,  gave  a paffage  to  the  fmoke,  and  this  tube 
was  connected  with  the  bottom  of  the  cafk  hy 
means  of  a circular  plate  of  copper  through  which 
the  tube  paffed,  which  plate  clofed  a circular  open- 
ing in  the  bottom  of  the  cafk  fomewhat  larger  in 
diameter  than  the  tube.  • 
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This  circular  plate  was  nailed  to  the  bottom  of 
the  calk,  and  the  joining  made  water-tight  by  in- 
terpofmg  between  the  metallic  plate  and  the  wood 
a Iheet  of  pafteboard ; and  the  tube  was  fattened 
to  the  plate  with  folder.  This  tube,  (which  was 
about  6 inches  in  diameter,)  as  foon  as  it  had 
palTed  the  circular  plate,  and  entered  the  barrel, 
branched  out  into  three  fmaller  tubes,  each  about 
4 inches  in  diameter,  which,  running  parallel  to 
each  other  through  the  whole  length  of  the  calk, 
went  out  of  it  above,  by  three  different  holes  in  the 
upper  head  of  the  calk,  and  ended  in  a canal  which 
led  to  the  chimney. 

This  tube,  by  which  the  finoke  palled  through 
the  calk,  was  branched  out  into  a number  of 
branches  in  order  to  increafe  the  furface,  by  which 
the  heat  of  the  finoke  was  communicated  to  the 
water  in  the  calk.  The  calk  was  fupplied  with  wa- 
ter from  a refervoir  placed  in  the  upper  part  of  the 
building,  by  means  of  a leaden  pipe  of  communica- 
tion from  the  one  to  the  other  ; and  the  machinery 
was  fo  contrived,  that,  when  any  water  was  drawn 
out  of  the  calk  for  ufe,  it  was  immediately  replaced 
from  the  refervoir ; but  as  foon  as  the  water  in  the 
calk  had  regained  its  proper  height,  the  cold  water 
from  the  refervoir  ceafed  to  flow  in  it. 

Nothing  more  generally  excited  the  furprife  and 
curiofity  of  thofe  who  vifited  this  kitchen,  than  to 
fee  water  actually  boiled  in  a wooden  calk,  and 
drawn  from  it  boiling  hot,  by  a brafs  cock.  I 
Jiave  been  the  more  particular  in  defcribing  tbr 
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manner  in  which  this  was  done,  as  I have  reafon 
to  think  that  a contrivance  of  this  kind,  or  fome- 
thing  fimilar  to  it,  might,  in  many  cafes,  be  applied 
to  ufeful  purpofes.  No  contrivance  can  poflibly  be 
invented  by  which  heat  can  be  communicated  to 
fluids  with  fo  little  lofs  ; and  as  wood  is  not  only 
an  excellent  non-condudtor  of  heat  itfelf,  but  may 
eafily  be  furrounded  by  confined  air,  by  furs  and 
other  like  bodies  which  are  known  to  be  ufeful  in 
confining  heat,  the  lofs  of  heat,  by  the  fides  of  a 
cpntaining  veflel  compofed  of  wood,  might  be  al- 
moft  entirely  prevented. 

Why  ihould  not  the  boilers  for  large  falt-works 
and  breweries,  and  thofe  deftined  for  other  fimilar 
procefies,  in  which  great  quantities  of  water  are 
heated,  or  evaporated,  be  conftru&ed  of  wood, 
with  horizontal  tubes  of  iron  or  copper,  com- 
municating with  the  fire-place,  and  running  through 
them,  for  the  circulation  of  the  fmoke? — But  this 
is  not  the  place  to  enlarge  upon  this  fubjed  ; I fhall 
therefore  leave  it  for  the  prefent,  and  return  to  my 
kitchens. 

To  prepare  the  foup  furnifhed  to  the  Poor  from 
the  kitchen  of  the  Houfe  of  Induftry,  it  was  found 
necefiary  to  keep  up  the  fire  near  jive  hours ? the 
foup,  in  order  to  its  being  good,  requiring  to  be 
kept  actually  boiling  above  three  hours. 

The  Fuel  made  ufe  of  in  this  kitchen  was  dry 
beech-wood  ; a cord  of  which,  (or  klafter , as  it  is 
called,)  5 Englifli  feet  8-^-5-  inches  long,  5 feet 
8 A inches  high,  and  3 feet  14  inches  wide,  and 
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which  weighed  at  an  average  about  2200  Bavarian, 
pounds,  2 (==724  lbs.  Avoirdupois,)  coft  at  an 
average  about  5 £ florins  (cr  9 s.  6|d.  fterling)  in 
the  market. 

Of  this  wood  the  daily  confumption,  when 
foup  was  provided  for  1000  perfons,  was  about 
300  lbs.  Bavarian  weight,  or  about  4,  or  more  ex- 
a£tly  Aj.  of  a cord  or  klafter,  which  coft  43  creut- 
zers,  (60  creutzers  making  a florin,)  or  about 
is.  d.  fterling : And  this  gives  of  a creutzer, 
or  TV  of  a farthing,  for  the  daily  expence  for  Fuel 
in  cooking  for  each  perfon. 

To  make  an  eftimate  of  the  daily  expence  for 
Fuel  in  cooking  the  fame  quantity  of  the  fame  kind 
of  foup  in  private  kitchens,  we  will  fuppofe  thefe 
1000  perfons,  who  were  fed  from  the  public  kitchen 
of  the  Houfe  of  Induftry,  to  be  feparated  into  fami- 
lies of  5 perfons  each. 

This  would  make  juft  20c  families ; and  the 
quantity  of  wood  confumed  in  the  public  kitchen 
daily  for  feeding  1000  perfons,  (=z  300  lbs.,)  being 
divided  among  200  families,  gives  1 \ lbs.  of  wood 
for  the  daily  confumption  of  each  family ; and 
according  to  this  eftimate,  1 cord  of  wood,  weigh- 
ing 2200  lbs.  ought  to  fuflice  for  cooking  for  fuch 
a family  1 466  days,  or  4 years  and  6 days. 

But  upon  the  moft  careful  inquiries  relative  to 
the  real  confumption  of  Fuel  in  private  families  in 
operations  of  cookery,  as  they  are  now  generally 
performed  over  an  open  fire,  I find  that  5 Bavarian 
pounds  of  good  peas-foup  can  hardly  be  prepared 
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at  a lefs  expence  of  Fuel  than  1 5 lbs.  of  dry  beech- 
wood  of  the  belt  quality  ; confequently,  a cord  of 
fuch  wood,  inftead  of  fufficing  for  preparing  a foup 
daily  for  a family  of  5 perfons  for  4 years,  would 
hardly  fuffice  for  fo  long  a time  as  5 months. 

And  hence  it  appears,  that  the  confumption  of 
Fuel  in  the  kitchens  of  private  families,  is  to  that 
confumed  in  the  firfl  kitchen  of  the  Houfe  of  In- 
dustry at  Munich,  in  preparing  the  fame  quantity  of 
the  fame  kind  of  food , (peas-foup,)  as  10  to  1 *. 
But  it  mull  be  remembered,  that  this  difference  in 
the  quantities  of  Fuel  expended  is  not  occafioried 
entirely  by  the  difference  between  the  two  methods 
of  managing  the  Fire  ; for,  exclufive  of  the  effect 
produced  by  a given  arrangement  of  the  machinery, 
— with  the  fame  arrangement,  the  greater  the  quan- 
tity of  food  prepared  at  once,  or  the  larger  the  boil- 
er, (within  certain  limits  however,  as  will  be  feen 
hereafter,)  the  lefs  in  proportion  will  be  the  quan- 
tity of  Fuel  required; — and  the  faving  of  Fuel 
which  arifes  from  cooking  upon  a large  fcale  is  very 
confiderable.  But  I ffiall  take  occafion  to  treat  this 
part  of  my  fubjcdt  more  fully  elfew.here. 

The  kitchen  in  the  Houfe  of  Induftry  was,  finiffied 
in  the  beginning  of  the  year  1790.  And,  much 
about  the  fame  time,  two  other  public  kitchens 
upon  a large  fcale  were  eredled  at  Munich,  under 
my  direction ; namely,  the  kitchen  belonging  to 

*\  r 

* Afterwards,  on  altering  the  kitchen  of  the  Houfe  of  Induftry, 
and  fitting  it  up  on  better  principles,  the  Economy  of  Fuel  was  car- 
ried ftill  farther,  as  will  be  feen  in  the  fequei  of  this  EtTay. 
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die  Military  Academy,  and  that  belonging  to  the 
Military  Hall  (as  it  is  called)  in  the  Engliffi  garden, 
in  which  building  near  200  military  officers  meffed 
daily  during  the  annual  encampments, — for  which 
purpofe  this  building  was  erefted. 

There  is  likewife  in  the  garden,  (which  is  6 Eng- 
liffi miles  in  circumference,)  an  inn — a farm-houfe, 
and  a large  dairy  ; and  thefe  eftabliffiments  gave 
me  an  opportunity  of  conftrudting  no  lefs  than  four 
other  kitchens ; — namely,  two  foi  the  inn,  one  for 
the  farm-houfe,  and  one  for  the  ufe  of  the  dairy. 
And  the  ufes  for  which  thefe  different  kitchens 
were  defigned,  and  to  which  they  were  applied, 
were  fo  various,  as  not  only  to  include  almoft  every 
procefs  of  cookery,  but  alfo  to  afford  opportunities 
of  performing  the  fame  operations  upon  very  dif- 
ferent fcales,  and  confequently  of  making  many 
interefting  Experiments  relative  to  the  Management 
of  heat,  and  the  Economy  of  Fuel. 

That  I did  not  negleft  thefe  opportunities  of  pur- 
fuing,  with  effect,  a fubjedt  which  had  long  engaged 
my  attention,  and  to  which  I was  much  attached, 
will  readily  be  believed  by  thofe  who  know  what  ar- 
dour a curious  fubjedl  of  philofophical  inveftigation 
is  capable  of  infpiring  in  an  inquifitive  mind. 

As  the  Experiments  I have  made,  or  caufed  to 
be  made,  in  the  different  ellabliffiments  before  men- 
tioned, during  the  fix  or  feven  years  that  they  have 
exifted,  are  extremely  numerous ; it  would  take 
up  too  much  time  to  give  an  account  of  them  in 
detail , I ffiall  therefore  content  myfjlf  with  merely 
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noticing  the  general  refults  of  them,  and  mention- 
ing more  particularly  only  fuch  of  them  as  appear 
to  me  to  be  molt  important.  And  in  regard  to  the 
peculiar  conftruftion  of  the  different  kitchens  above 
mentioned,  as  moft  of  them  have  undergone  many 
alterations,  and  as  no  one  of  them  remains  exadlly 
in  the  fame  (late  in  which  it  was  firft  conftrucled, 
I do  not  think  it  neceffary  to  be  very  ^particular  in 
my  account  of  them  ; I fhall  occafionally  mention 
the  principles  on  which  they  were  conflrucled,  and 
the  faults  I difcovered  in  them ; but  when  I fhall 
come  to  fpeak  of  thofe  improvements  which  have 
flood  the  teft  of  actual  experience,  and  which  I can 
recommend  as  being  worthy  of  imitation,  I fhall 
take  care  to  be  very  exaft  and  particular  in  my 
defcriptions. 

It  will  not  be  found  very  difficult,  I fancy,  from 
what  has  been  faid,  to  form  a pretty  juft  idea  of  the 
conftruflion  of  the  kitchen  in  the  Houfe  of  Induftry 
above  defcribed,  even  without  the  help  of  a plan  or 
drawing  of  it.  That  in  the  Military  Academy  was 
conftrufled  upon  a different  principle : Inftead  of 
heating  all  the  boilers  from  one  and  the  fame  fire- 
place, almoft  every  boiler  had  its  own  feparate  fire- 
place ; and  though  the  boilers  were  all  furnifhed 
with  double  covers,  fimilar  to  thofe  made  ufe  of  in 
the  kitchen  of  the  Houfe  of  Induftry,  yet  there  was 
no  attempt  made  to  recover  the  heat  carried  off  by 
the  fleam,  but  it  was  fuffered  to  efcape  without  hin- 
drance into  the  atmofphere  ; it  having  been  found, 
by  the  experiments  made  in  the  kitchen  of  the 
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Houfe  of  Induftry,  that  when  the  Fire  is  properly 
managed,  that  is  to  fay,  when  the  heat  is  but  juft 
fufficient  to  keep  the  liquid  boiling  hot,  or  very 
gently  boiling , the  quantity  of  fleam  generated  is 
inconfiderable,  and  the  heat  carried  oft  by  it  not 
worth  the  trouble  of  faving. 

Each  fire-place  was  furnifhed  with  an  iron  grate, 
upon  which  the  wood  was  burnt,  and  the  opening 
into  the  fire,  as  well  as  that  which  communicated 
with  the  afh-pit,  had  in  each  its  feparate  iron  door. 

Finding  afterwards  that  the  iron  door  which 
clofed  the  opening  by  which  the  wood  was  intro- 
duced into  the  fire-place,  was  much  heated,  and 
confequently  that  it  caufed  a confiderable  lofs  of 
heat  by  communicating  it  to  the  cold  atmofphere 
with  which  it  was  in  contact ; in  order  to  remedy 
this  evil  without  incurring  the  expence  of  double- 
doors,  the  iron  door  was  removed,  and  in  its  Head 
was  placed  a hollow  cylinder,  or  rather  truncated 
cone,  of  burnt  clay  or  common  earthen  ware, 
which  cone  was  4 inches  long,  6 inches  in  diameter 
internally,  and  8 inches  in  diameter  externally,  at  its 
larger  end  or  bafe ; and  5*  inches  in  diameter  in- 
ternally, and  7 £ inches  in  diameter  externally,  at 
its  finaller  end : And  being  firmly  fixed,  with  its 
axis  in  an  horizontal  pofition,  and  its  larger  end 
or  bafe  outwards,  in  the  middle  of  the  opening 
leading  to  the  fire-place,  and  being  well  united 
with  the  folid  brick-work  by  means  of  mortar,  the 
cavity  of  this  cone  formed  the  opening  by  which 
the  wood  was  introduced  into  the  fire-place.  This 
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cavity  being  clofed  with  a fit  dopper  of  earthen- 
ware, as  earthen-ware  is  a non-condu£tor  of  heat, 
or  as  heat  cannot  pafs  through  it  but  with  great 
difficulty,  and  very  (lowly,  the  external  furface  of 
this  cone  and  its  (topper  were  never  much  heated, 
confequently  the  quantity  of  heat  they  could  com- 
municate to  the  atmofphere  was  but  very  trifling. 
This  contrivance  was  afterwards  rendered  much 
more  fimple,  by  fubflituting,  inftead  of  the  hollow 
cone,  a tiie,  io  inches  fquare,  and  about  i\  inches 
thick,  with  a conical  hole  in  its  center,  6 inches  in 
diameter  externally,  and  5!  inches  in  diameter 
within,  provided  with  a fit  baked  Earthen  (topper* 
(See  the  Figures,  N°  6,  7,  and  8.  Plate  I.) 

A perforated  fquare  tile  is  preferable  to  a hollow 
cylinder  for  forming  a palfage  into  the  fire-place, 
not  only  becaufe  it  is  cheaper,  ftronger,  and  more 
durable,  but  alfo  becaufe  it  may,  on  account  of  its 
form,  be  more  eafily  and  more  firmly  fixed  in  its 
place,  and  united  with  the  reft  of  the  brick-work. 

If  proper  moulds  be  provided  for  forming  thefe 
perforated  tiles  and  their  (toppers,  they  may  be 
afforded  for  a mere  trifle.  In  Munich  they  are 
made  of  the  very  bed  earth,  by  the  Elector’s  pot- 
ter, and  they  coft  no  more  than  24  creutzers,  or 
fomething  lefs  than  9 d.  fterling,  for  a tile  with  its 
(topper.  I had  feveral  made  of  fand-(tone  by  a 
(tone-cutter,  but  they  cod  me  1 florin  and  30 
creutzers,  or  about  2 s.  9d.  derling  each. 

Though  thofe  made  of  done  anfwered  perfectly 
well,  yet  I found  them  not  better  than  thofe  made 
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of  earthen -ware  ; and  as  thefe  laft  are  much  cheap- 
er, and  I believe  equally  durable,  they  ought  cer- 
tainly to  be  preferred.  That  the  hopper  may  be 
made  to  fit  with  accuracy  the  hole  it  is  intended  to 
dole,  (which  is  necefiary,  as  will  be  feen  hereafter,) 
they  may  be  ground  together  with  fine  fand  moift- 
ened  with  water. 

Senlible,  from  the  beginning,  of  the  great  im- 
portance of  being  abfolutely  mafter  of  the  air  that 
is  admitted  into  the  fire-place  to  feed  the  Fire,  fo  as 
to  be  able  to  admit  more  or  Iefs  at  pleafure,  or  to 
exclude  it  entirely ; I took  care,  in  all  my  fire- 
places, to  clofe  very  exactly  the  paffage  into  the  alh- 
pit  by,  a door  carefully  fitted  to  its  frame,  the  air 
being  admitted  through  a femicircular  opening  fur- 
nifhed  with  a regifter  in  the  middle  of  this  door. 
This  contrivance  (which  admits  of  no  further  im- 
provement) is  indifpenfably  necefiary  in  all  well- 
conftrueted  fire-places,  great  or  fmall.  (See  the 
Figures  from  Fig.  9 to  Fig.  16.  Plate  II.) 

Having  occafion,  in  the  courfe  of  my  arrange- 
ments, to  make  ufe  of  a great  number  of  boilers, 
and  often  of  feveral  boilers  of  the  fame  dimenfions, 
I availed  myfelf  of  that  circumflance  to  determine, 
by  actual  experiments,  the  beft  form  for  boilers,  or 
that  form  which,  with  any  given  capacity,  {hall  be 
bcft  adapted  for  favingFuel. 

Two  or  more  boilers  of  the  fame  capacity,  but  of 
different  forms,  conftrudted  of  fheet  copper  of  the 
fame  thicknefs,  were  placed  in  clofed  fire-places, 
confiructed  as  nearly  as  pofiible  upon  the  fame 
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principles,  and  were  ufed  for  a length  of  time  in 
the  fame  culinary  procelfes ; and  the  quantity  of 
Fuel  confumed  by  each  being  noted,  the  compa- 
rative advantages  of  their  different  forms  were  af- 
certained.  Some  of  thefe  boilers  were  made  deep 
and  narrow  ; —others  wide  and  fhallow  ; — there 
were  fome  with  flat  bottoms ; others  of  a globular 
form  ; and  others  again  with  their  bottoms  drawn 
inward  like  the  bottom  of  a common  glafs  bottle. 
The  refults  of  thefe  inquiries  were  very  curious,  and 
led  me  to  a mod  interefling  difcovery  : — They 
taught  me  not  only  what  forms  are  bed  for  boilers ; 
but  alfo  (what  is  dill  more  interefling)  why  one 
form  is  preferable  to  another : — They  gave  me 
much  new  light  with  refpect  to  the  manner  in  which 
flame  and  hot  vapour  part  wvith  their  heat ; and 
fuggeded  to  me  the  idea  of  a very  important  im- 
provement in  the  internal  conflrudtion  of  fire- 
places, which  I have  fince  put  in  practice  with  great 
fuccefs. 

But  in  order  to  be  able  to  explain  this  matter  in 
a clear  and  fatisfa&ory  manner,  and  to  render  it 
eafier'  to  be  underdood  by  thofe  wrho  have  not  been 
much  converfant  in  inquiries  of  this  kind,  it  will  be 
neceffary  to  go  back  a little,  and  to  treat  the  fubje£l 
under  confideration  in  a more  regular  and  fcientific 
manner. 

Though  it  was  not  my  intention  originally  to 
wiite  an  elementary  treatife  on  Heat,  yet,  as  the  fir  A 
or  fundamental  principles  of  that  fcience  are  necef- 
fary to  be  known,  in  order  to  eflablifh  upon  folid 
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grounds  the  practical  rules  and  directions  relative 
to  the  Management  of  Heat  which  will  hereafter  be 
recommended,  it  will  not,  I truft,  be  deemed  either 
improper  or  fupevfluous,  to  take  a more  extenfive 
view  of  the  fubjeCt,  and  to  treat  it  methodically,  and 
at  fome  length. 

I have  perhaps  already  expofed  myfelf  to  cri- 
ticifm,  by  paying  fo  little  attention  to  method  in 
this  Eflay,  as  to  poftpone  fo  long  the  inveftigation 
of  the  elementary  principles  of  the  fcience  I have 
undertaken  to  treat. — It  may  be  thought  that  the 
part  of  the  fubjeCl  I am  now  about  to  confider 
fhould  have  preceded  all  other  inveftigation  ; — that 
inftead  of  occupying  the  middle  of  my  book,  it 
ought  to  have  been  difcufled  in  the  Introduction, 
or  at  leaft  to  have  been  treated  in  the  beginning  of 
the  firft  chapter  : — But  if  I have  been  guilty  of  a 
fault  in  the  arrangement  of  my  fubjeCt,  it  has  aiifen 
not  from  inattention,  but  from  an  error  of  judg- 
ment. Defirous  rather  of  writing  an  ufeful  book , 
than  of  being  the  Author  of  a fplendid  performance , 
I have  not  fcrupled  to  tranfgrefs  the  eftablifhed  rules 
of  elegant  compofition  in  all  cafes  where  I thought  it 
would  contribute  to  my  main  defign,  public  utility  : 
—And  well  aware  that  my  book,  in  order  to  its 
being  really  ufeful,  muft  be  read  by  many  who  have 
neither  time  nor  patience  to  labour  through  an  ele- 
mentary treatife  upon  fo  abftrufe  a fubjeCt,  I have 
endeavoured  to  decoy  my  reader  into  the  fituation 
in  which  I wifh  him  to  be  placed,  in  order  to  his 
having  a complete  view  of  the  profpeCt  I have  pre- 
vol.  ii.  d pared 
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pared  for  him,  rather  than  to  force  him  into  it.  If 
I have  ufed  art  in  doing  this,  he  muft  forgive  me  ; 
my  defign  was  not  only  innocent,  but  fuch  as  ought 
to  entitle  me  to  his  thanks  and  to  his  efleem.  I 
wifhed  to  entice  him  on  as  far  as  poflible,  without 
letting  him  perceive  the  difficulties  of  the  road  ; and 
now  that  we  have  come  on  together  fo  far,  and  are 
fo  near  our  journey’s  end,  I hope  and  truft  that 
will  not  leave  me. — To  proceed  therefore — • 
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CHAP.  II. 

Of  the  Generation  of  Heat  in  the  Combustion 
of  Fuel. — Without  knowing  what  Heat  really 
is,  the  Laws  of  its  ALlion  may  be  inve/ligated. — 
Probability  that  the  Heat  generated  in  the  Combuf- 
tion  of  Fuel  is  furnifhed  by  the  Air,  a?id  not  by  the 
Fuel. — ■ Effects  of  blowing  a Fire  explained. — Of 
Fire-places  in  which  the  Fire  is  made  to  blow  if  elf. 
— Of  Air-furnaces. — Thefe  Fire-places  illuftrated 
by  a Lamp  on  Argandb  Principle. — Great  Import- 
ance of  being  able  to  • regulate  the  Quantity  of  Air 
which  enters  a clofed  Fire-place. — Utility  of  Damp- 
ers in  the  Cb  'nnnies  of  clofed  Fire-places. — General 
Rules  and  Directions  for  conftruEling  clofed  Fire- 
places ; with  a full  Explanation  of  the  Principles 
on  which  thefe  Rules  are  founded. 

TX7ITHOUT  entering  into  thofe  abftrufe  and  molt 
difficult  invefligations  refpe&ing  the  Na- 
ture of  Fire,  which  have  employed  the  atten- 
tion and  divided  the  opinions  of  fpeculative  philo- 
fophers  in  all  ages; — without  even  attempting  to 
determine  whether  there  be  fuch  a thing  as  an  ig- 
neous fluid,  or  not ; — whether  what  we  call  Heat  be 
occafloned  by  the  accumulation,  or  by  the  increafed 
a&ion  of  fuch  a fluid  ; — or  whether  it  arifes  merely 
from  an  increafed  motion  in  the  component  par- 
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tides  of  the  body  heated,  or  of  fome  elaftic  fluid  by 
which  thofe  particles  are  fuppofed  to  be  furround- 
ed,  and  upon  which  they  are  fuppofed  to  ad,  or  by 
which  they  are  fuppofed  to  be  aded  upon : — In 
fliort,  without  bewildering  myfelf  and  my  reader 
in  this  endlefs  labyrinth  of  darknefs  and  uncer- 
tainty, I fhall  confine  my  inquiries  to  objeds  more 
ufeful,  and  which  are  clearly  within  the  reach  of 
human  inveftigation ; — namely,  the  difcovery  of 
the  fenfible  properties  of  Heat,  and  of  the  mod 
advantageous  methods  of  generating  it,  and  of  di- 
reding  it  with  certainty  and  effed  in  thofe  various 
procefies  in  which  it  is  employed  in  the  economy  of 
human  life. 

\ 

Though  I do  not  undertake  to  determine  what 
Heat  really  is , nor  even  to  offer  any  opinions  or 
conjedures  relative  to  that  fubjed  ; yet  as  Heat  is 
evidently  fomething  capable  of  being  excited  or 
generated,  increafed  or  accumulated,  meafured 
and  transferred  from  one  body  to  another  ; in  treat- 
ing the  fubjed,  I (hall  fpeak  of  it  as  being  gene- 
rated, confined , directed,  difperfed , &c. ; it  being 
neceflary  to  ufe  thefe  terms  in  order  to  make  myfelf 
underftood. 

Though  it  is  not  known  exadly  how  much  Heat 
it  is  poffible  to  produce  in  the  combuflion  of  any 
given  quantity  of  any  given  kind  of  Fuel,  yet  it  is 
more  than  probable  that  the  quantity  depends  in  a 
great  meafure  on  the  Management  of  the  Fire* 
It  is  likewife  probable — I might  fay,  certain — that 
the  Heat  produced  is  furnifhed,  not  merely  by  the 
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Fuel,  but  in  a great  meafure,  if  not  entirely,  by 
the  air  by  which  the  Fire  is  fed  and  fupported. 
It  is  well  known  that  air  is  neceffary  to  combuflion  ; 
it  is  likewife  known  that  the  pure  part  of  common 
atmofpheric  air,  or  that  part  of  it  (amounting  to 
about  of  its  whole  volume)  which  alone  is  capable 
of  lupporting  the  combuflion  of  inflammable  bo- 
dies, undergoes  a remarkable  change,  or  is  actually 
decompofed  in  that  procefs  ; and  as  in  this  decompo- 
fition of  pure  air  a great  quantity  of  heat  is  known 
to  be  fet  loofe,  or  to  become  redundant,  it  has  been 
fuppofed  by  many,  (and  with  much  appearance  of 
probability,)  that  by  far  the  greater  part,  if  not  all 
the  heat  produced  in  the  combuflion  of  inflammable 
bodies,  is  derived  from  this  fource. 

But  whether  it  be  the  air,  or  the  Fuel,  which  fur- 
nifhes  the  heat,  it  feems  to  be  quite  certain  that  the 
quantity  furnifhed  depends  much  upon  the  Ma- 
nagement of  the  Fire , and  that  the  quantity  is  greater 
as  the  combuflion  or  decompofition  of  the  Fuel  is 
more  complete.  In  all  probability,  the  decompo- 
fition of  the  air  keeps  pace  with  the  decompofition 
of  the  Fuel. 

It  is  well  known  that  the  confumption  of  Fuel  is 
much  accelerated,  and  the  intenfity  of  the  heat 
augmented,  by  caufing  the  air  by  which  the  com- 
buftion  is  excited,  to  flow  into  the  fire-place  in  a 
continued  flream,  and  with  a certain  degree  of  ve* 
locity.  Hence,  blowing  a fire,  when  the  current  of 
air  is  properly  directed,  and  when  it  is  not  too 
flrong,  ferves  to  accelerate  the  combuflion,  and  to 
increafe  the  heat  j but  when  the  blaft  is  improperly 

d 3 directed, 


3 8 Of  the  Management  of  Fire , 

diredted,  it  will  rather  ferve  to  derange  and  to  im- 
pede the  combudion  than  to  forward  it ; and  when 
it  is  too  drong  it  will  blow  the  Fire  quite  out,  or 
totally  extinguilh  it.  There  is  no  Fire,  however  in- 
tenfe,  but  may  be  blown  out  by.  a blaft  of  air,  pro- 
vided it  be  fufliciently  drong,  and  that  as  infallibly 
as  by  a dream  of  cold  water.  Even  gun-powder, 
the  mod  inflammable  perhaps  of  known  fubdances, 
may  be  actually  on  fire  at  its  furface,  and  yet  the 
Fire  may  be  blown  out  and  extinguiflied  before  the 
grain  of  powder  has  had  time  to  be  entirely  con- 
fumed. 

This  fact,  however  extraordinary  and  incredible 
it  may  appear,  I have  proved  by  the  mod  unex- 
ceptionable and  conclufive  experiments  *. 

Fire-places  may  be  fo  conltrudted  that  the  Fire 
may  be  made  to  blow  itfelf,  or — which  is  the  fame 
thing — to  caufe  a current  of  air  to  flow  into  the 
Fire  : And  this  is  an  objedt  to  which  the  greated 
attention  ought  to  be  paid  in  the  condruction  of  all 
fire-places  where  it  is  not  intended  to  make  ufe  of 
an  artificial  blad  from  bellows  for  blowing  the  Fire. 
Furnances  condrudted  upon  this  principle  have  been 
called  air-furnaces ; but  every  fire-place,  and  par- 
ticulary  every  clofed  fire-place,  ought  to  be  an 
air-furnace,  and  that  even  were  it  intended  to  ferve 
only  for  the  fmalled  fauce-pan,  otherwife  it  cannot 
be  perfedt. 

An  Argand’s  lamp  is  a fire-place  upon  this  con- 
ftrudtion ; for  the  glafs  tube  which  furrounds  the 

* See  Philofophical  Tranfaftion#  for  the  year  1797— Part  II. 
Page 
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wick  (and  which  diftinguifhes  this  lamp  from  all 
others)  ferves  merely  as  a blower.  The  circular 
form  of  the  wick  is  not  elfential ; for  by  applying 
a flatted  glafs  tube  as  a blower  to  a lamp  with  a flat 
or  riband  wick,  it  may  be  made  to  give  as  much 
light  as  an  Argand’s  lamp ; or  at  lead  quite  as 
much  in  proportion  to  the  fize  of  the  wick,  and  to 
the  quantity  of  oil  confirmed,  as  I have  found  by 
aftual  experiment. 

But  it  is  not  the  light  alone  that  is  increafed  in 
confequence  of  the  application  of  thefe  blowers  ; — 
the  heatalfo  is  rendered  much  more  intenfe  ; — and 
as  the  heat  of  any  fire  may  be  increafed  by  a fimilar 
contrivance,  on  that  account  it  is  that  I have  had 
recourfe  to  thefe  lamps  to  aflift  me  in  explaining 
the  fubjeft  under  confideration.  In  thefe  lamps 
the  fire-place  is  clofed  on  all  Tides,  and  the  current 
of  air  which  feeds  the  Fire  rifes  up  perpendicularly 
from  below  the  fire-place  into  the  Fire.  By  fur- 
rounding the  Fire  on  all  Tides  by  a wall,  the  cold 
atmofphere  is  prevented  from  rulhing  in  laterally 
from  all  quarters  to  fupply  the  place  of  the  heated 
&ir  or  vapour,  which,  in  confequence  of  its  in- 
creafed elaflicity  from  the  heat,  continually  rifes 
from  the  Fire,  and  this  caufes  the  current  of 
air  below  (the  only  quarter  from  which  it  can 
with  advantage  flow  into  the  Fire)  to  be  very 

But  in  order  that  a fire-place  may  be  perfeTt,  it 
fhould  be  fo  contrived  that  the  combuftion  of  the 
Fuel,  and  the  genefation  of  the  heat,  may  occa- 
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fionally  be  accelerated  or  retarded,  without  adding 
to  or  dhninijhing  the  quantity  of  Fuel ; and,  when 
the  fire-place  is  clofed,  this  may  eafily  be  done  by 
means  of  a rcgifter  in  the  door  which  clofes  the  paf- 
fage  leading  to  the  afh-pit  ; — for,  as  the  rapidity  of 
the  combuftion  depends  upon  the  quantity  of  air 
by  which  the  Fire  is  fed,  by  opening  the  regifter 
more  or  lei's,  more  or  lefs  air  will  be  admitted  into 
the  fire-place,  and  confequently  more  or  lefs  Fuel 
will  be  confumed,  and  more  or  lefs  heat  generated 
in  any  given  time,  though  the  quantity  of  Fuel 
in  the  fire-place  be  adually  much  greater  than 
what  otherwife  would  be  fufficient. — Fig.  9.  Ihews 
the  form  of  the  regifier  I commonly  ufe  for  this 
purpofe. 

In  order  that  this  regifier  may  produce  its  pro- 
per effed,  a valve,  or  a damper , as  it  is  commonly 
called,  fhould  be  placed  in  the  chimney  or  canal 
by  which  the  fmoke  is  carried  off ; which  damper 
ihould  be  opened  more  or  lefs,  as  the  quantity  of 
air  is  greater  or  lefs  which  is  admitted  into  the  fire- 
place. This  regifter  and  this  damper  will  be  found 
very  ufeful  in  another-  refped,  and  that  is,  in  put- 
ting out  the  Fire  when  there  is  no  longer  an  occa- 
lion  for  it ; for,  upon  doling  them  both  entirely, 
the  Fire  will  be  immediately  extinguilhed,  and  the 
half-confumed  Fuel,  inftead  of  being  fuffered  to 
burn  out  to  no  purpofe,  will  be  faved. 

Nearly  the  fame  effeds  as  are  produced  by  a 
damper  may  be  produced  without  one,  by  caufing 
the  fmoke,  after  it  has  quitted  the  fire-place,  to 

defend 


4* 


and  the  Economy  of  Fuel. 

defend  feveral  feet  below  the  level  of  the  grate  on 
which  the  Fuel  is  burned,  before  it  is  permitted  to 
go  up  the  chimney. 

There  is  another  circumftance  of  much  import- 
ance which  mud  be  attended  to  in  the  conduction 
of  fire-places;  and  that  is,  the  proper  difpofition  of 
the  Fuel ; for  in  order  that  the  combuftion  may  go 
on  well,  it  is  neceffary,  not  only  that  the  Fuel  be  in  its 
proper  place,  but  alfo  that  it  be  properly  difpofed  ; 
— that  is  to  fay,  that  the  folid  parts  of  the  Fuel  be 
of  a juft  fize,  and  that  they  be  not  placed  too  near 
each  other,  fo  as  to  prevent  the  free  paffage  of  the 
air  between  them,  nor  too  far  afunder  ; and  if  the 
fire-place  can  be  fo  contrived,  that  folid  pieces  of 
the  inflamed  Fuel,  as  they  go  on  to  be  diminifhed 
in  fize  as  they  burn,  may  naturally  fall  together  in 
the  center  of  the  fire-place  without  any  afliflance,  it 
will  be  a great  improvement,  as  I have  found  by 
experience.  This  may  be  done,  in  fmall  fire-places, 
(and  in  thele  it  is  more  particularly  neceffary,)  by 
burning  the  Fuel  upon  a grate  in  the  form  of  a 
fegment  of  a hollow  fphere,  or  of  a difh.  (See  the 
Figures  3 and  4.  Plate  I.)  All  thofe  I now  ufe, 
except  it  be  for  fire-places  which  are  very  large, 
are  of  this  form  ; and  where  wood  is  made 
ufe  of  for  Fuel,  it  is  cut  into  fmall  billets  from  4 
to  6 inches  in  length.  Inflead  of  a grate  of  iron, 
I have  lately  introduced  grates,  or  rather  hollow 
dilhes  or  pans,  of  earthen  ware,  perforated  with  a 
great  number  of  holes  for  giving  a paffage  to  the 
air. 
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Thefe  perforated  earthen  pans,  which  are  made 
very  thick  and  ftrong,  are  incomparably  cheaper 
than  iron  grates  ; and  judging  from  the  experience 
I have  had  of  them,  I am  inclined  to  think  they 
anfwer  even  better  than  the  grates  ; indeed  it  ap- 
pears to  me  not  difficult  to  affign  a reafon  why  they 
ought  to  be  better. 

For  large  fire-places  I have  fometimes  ufed 
grates,  the  bars  of  which  were  common  bricks 
placed  edgewife,  and  thefe  have  been  found  to 
anfwer  very  well. 

As  only  that  part  of  the  air  which,  entering  the 
fire-place  in  a proper  manner,  and  in  a juft  quan- 
tity, and  coming  into  actual  contact  with  the  burn- 
ing Fuel,  is  decompofed , contributes  to  the  genera- 
tion of  heat ; it  is  evident  that  all  the  air  that 
' finds  its  way  into  the  fire-place,  and  out  of  it  again , 
without  being  decompofed,  is  a thief ; — that  it  not 
only  contributes  nothing  to  the  heat,  but  being  itfelf 
heated  at  the  expence  of  the  Fire,  and  going  off 
hot  into  the  atmofphere  by  the  chimney,  occafions 
an  actual  lofs  of  heat ; and  this  lofs  is  often  very 
confiderable,  and  the  prevention  of  it  is  fuch  an 
objeft,  that  too  much  attention  cannot  be  paid  to  it 
in  the  conftruttion  of  fire-places. 

When  the  fire-place  is  clofed  on  all  fides  by  a 
wall,  and  when  the  opening  by  which  the  Fuel  is 
introduced  is  kept  clofed,  no  air  can  prefs  in  late- 
rally upon  the  Fire ; but  yet,  when  the  grate  is 
larger  than  the  heap  of  burning  Fuel,  which  muft 
often  be  the  cafe,  a great  quantity  of  air  may  in- 
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finuate  itfelf  by  the  Tides  of  the  grate  into  the  fire- 
' place,  without  going  through  the  Fire  : But  when, 
inftead  of  an  iron  grate,  a perforated  hollow  earthen 
pan  is  ufed,  by  making  the  bottom  of  the  pan  of  a 
certain  thicknefs,  2,  3,  or  4 inches,  for  inftance, 
and  making  all  the  air-holes  point  to  one  common 
center,  (to  the  focus  or  center  of  the  Fire,)  this  fur- 
tive entrance  of  cold  air  into  the  fire-place  will,  in 
a great  meafure,  be  prevented. 

This  evil  may  likewife  be  prevented  when  circu- 
lar hollow  iron  grates  are  ufed,  by  narrowing  the 
fire-place  immediately  under  the  grate,  in  the  form 
of  an  inverted,  truncated,  hollow  cone,  the  open- 
ing or  diameter  of  which  above  being  equal  to  the 
internal  diameter  of  the  circular  rim  of  the  grate, 
and  that  below  (by  which  the  air  rifes  to  enter  the 
fire-place)  about  onc-third  of  that  diameter.  (See 
the  Figure  5.  Plate  I.)  This  opening  below, 
through  which  the  air  rifes,  muff  be  immediately 
under  the  center  of  the  grate,  and  as  near  to  it  as 
poffible  ; care  mull  be  taken,  however,  that  a fmall 
ipace  be  left  between  the  outfide  or  underfide  of 
the  iron  bars  which  form  the  hollow  grate,  and  the 
infide  furface  of  this  inverted  hollow  cone,  in  order 
that  the  alhes  may  Hide  down  into  the  afh-pit.  Thefe 
directions  are  more  peculiarly  applicable  to  fire- 
places of  a moderate  fize. 

As  to  the  form  and  fize  of  the  afh-pit,  thefe 
are  matters  of  perfeCt  indifference,  provided,  how- 
ever, that  it  be  large  enough  to  give  a free  paffage 
to  the  air  neceffary  for  feeding  the  Fire,  and  that 
the  only  paffage  into  it,  by  which  air  can  enter,  is 
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clofed  by  a good  door  furnifhed  with  a regifter. 
The  neceflity  of  being  completely  matter  of  the 
paffage,  by  which  the  air  enters  the  fire-place,  has 
already  been  fufficiently  explained. 

It  is  perhaps  unneceffary  for  me  to  obferve,  that 
where  perforated  earthen  pans  are  ufed  inftead  of 
iron  grates,  the  air-holes  in  the  pans  ought  to  be 
rather  fmaller  above  than  below,  in  order  that  they 
may  not  be  choaked  up  by  the  finall  pieces  of  coal, 
and  the  allies  which  occafionally  fall  through  them 
into  the  alh-pit. 

One  great  advantage  attending  fire-places  on  the 
conftrudion  here  propofed,  is,  that  they  ferve 
equally  well  for  every  kind  of  Fuel.  Wood,  pit- 
coal,  char-coal,  turf,  &c.  may  indifferently  be  ufed, 
and  all  of  them  with  the  fame  facility,  and  with  the 
fame  advantages ; or  any  two,  or  more,  of  thefe 
different  kinds  of  Fuel,  maybe  ufed  at  the  fame 
time  without  the  fmalleft  inconvenience  ; — or  the 
Fire  having  been  lighted  with  dry  wood,  or  any 
other  very  inflammable  material,  the  heat  may  af- 
terwards be  kept  up  by  cheaper  or  more  ordinary 
Fuel  of  a more  difficult  and  flow  combuftion. — 
Some  kinds  of  Fuel  will  perhaps  be  found  molt  ad- 
vantageous for  making  the  pot  boil,  and  others 
for  keeping  it  boiling ; and  a very  confiderable 
faving  will  probably  be  found  to  refult  from  paying 
due  attention  to  this  circumftance.  When  the 
fire-place  is  fo  contrived  as  to  ferve  equally  well  for 
all  kinds  of  Fuel,  this  may  be  done  without  the 
leafb  difficulty  or  trouble. 
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I have  juft  fhown,  that  narrowing  that  part  of 
the  fire-place  which  lies  below  the  grate,  ferves  to 
make  the  air  enter  the  fire  in  a more  advantageous 
manner.  This  conftru&ion  has  another  advan- 
tage, perhaps  (till  more  important ; the  heat  which 
is  projedled  downwards  through  the  openings  be- 
tween the  bars  of  the  grate,  inftead  of  being  per- 
mitted to  efcape  into  the  afh-pit,  (where  it  w’ould 
be  loft,)  ftriking  againft  the  Tides  of  this  inverted 
hollow  cone , it  is  there  flopped,  and  afterwards  rifes 
into  the  fire-place  again  with  the  current  of  air 
which  feeds  the  Fire,  or  it  is  immediately  reflected 
by  this  conical  furface,  and,  after  two  or  three 
bounds  from  fide  to  fide,  is  thrown  up  againft  the 
bottom  of  the  boiler. 

But  in  order  to  be  able  to  form  a clear  and 
diftindl  idea  upon  this  fubjedl,  it  is  neceflfary  to 
examine  with  care  all  the  circumftances  attending 
the  generation  of  heat  in  the  combuftion  of  in- 
flammable bodies,  and  to  fee  in  what  manner,  or 
under  what  form,  the  heat  generated  manifefts  it- 
felf,  and  how  it  may  be  colle&ed,  accumulated, 
confined,  and  directed. 

This  opens  a wide  field  for  philofophical  inquiry  \ 
but  as  thefe  inveftigations  are  not  only  curious  and 
entertaining,  but  alfo  ufeful  and  important  in  a 
high  degree,  I truft  my  reader  will  pardon  me  for 
requefting  his  particular  attention  while  I endeavour 
to  do  juftice  to  this  moft  interefting,  but,  at  the 
fame  time,  moft  abftrufe  and  moft  difficult  part  of 
the  fubjeft  I have  undertaken  to  treat. 
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The  heat  generated  in  the  combuftion  of  Fuel 
manifefts  itfelf  in  two  ways ; namely,  in  the  hot  va- 
pour which  rifes  from  the  Fire,  with  which  it  may 
be  faid  to  be  combined , and  in  the  calorific  rays 
which  are  thrown  off  from  the  Fire  in  all  direc- 
tions.— Thefe  rays  may,  with  greater  propriety,  be 
faid  to  be  calorific,  or  capable  of  generating  heat , in 
any  body  by  which  they  are  flopped,  than  to  be 
called  hot ; for  when  they  pafs  freely  through  any 
medium,  (as  through  a mafs  of  air,  for  inftance,) 
they  are  not  found  to  communicate  any  heat  what- 
ever to  fuch  medium  ; neither  do  they  appear  to 
excite  any  confiderable  degree  of  heat  in  bodies 
from  whofe  furfaces  they  are  reflected ; and  in  thefe 
refpefrs  they  bear  a manifeft  refemblance  to  the  rays 
emitted  by  the  fun. 

What  proportion  this  radiant  heat  (if  I may  be 
allowed  to  ufe  fo  inaccurate  an  expreffion)  bears  to 
that  which  goes  off  from  burning  bodies  in  thefmoke 
and  heated  vapour,  is  not  exactly  known;  it  is  cer- 
tain, however,  that  the  quantity  of  heat  which  goes 
off  in  the  heated  elaftic  fluids,  vifible  and  invifible, 
which  rife  from  a Fire,  is  much  greater  than  that 
which  all  the  calorific  rays  united  would  be  capable 
. of  producing.  But  though  the  quantity  of  radiant 
heat  is  lefs  than  that  exifling  as  fenfible  Heat  in  the 
hot  vapour,  (and  which,  for  the  fake  of  diftin&ion, 
may  be  called  combined  heat  *,)  the  former  is  flill 
much  too  confiderable  to  be  neglected. 

* It  is  evident  that  by  the  exprefiion  hereufed  “ combined  Heat,"  I do 
not  mean  what  has  been  called  latent  Heat, 
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That  the  heat  generated,  or  excited,  by  the 
calorific  rays  which  proceed  from  burning  bodies, 
is  in  fact  confiderable,  is  evident  from  the  heat 
which  is  felt  in  a room  warmed  by  a chimney 
Tire ; for  as  all  the  heat,  combined  with  the 
fmoke  and  hot  vapour,  goes  up  the  chimney, 
it  is  certain  that  the  increafe  of  heat  in  the  room, 
occafioned  by  the  Fire,  is  entirely  owing  to  the 
calorific  rays  thrown  into  it  from  the  burning 
Fuel. 

The  activity  of  thefe  rays  may  be  Ihown  in 
various  ways,  but  in  no  way  in  a more  (hiking 
manner  than  by  the  following  fimple  Experiment: 
When  the  Fire  burns  bright  upon  the  hearth,  let 
-the  arm  be  extended  in  a ftrai^ht  line  towards  the 
center  of  the  Fire,  with  the  hand  open,  and  all  the 
fingers  extended  and  pointing  to  the  Fire.  If  the 
hand  is  not  nearer  the  Fire  than  the  diftance  of 
two  or  three  yards,  except  the  Fire  be  very  large 
indeed,  the  heat  will  be  fcarcely  perceptible ; but 
if,  without  moving  the  arm,  the  wrift  be  bent  up- 
wards fo  as  to  prefent  the  infide  or  flat  of  the  hand 
perpendicular  to  the  Fire,  the  heat  will  not  only  be 
very  fenfibly  felt,  but,  if  the  Fire  be  large,  and  if  it 
burns  clears  and  bright,  it  will  be  found  to  be  fo 
intenfe  as  to  be  quite  infupportable. 

It  is  not,  however,  burning  bodies  alone  that 
emit  calorific  rays.  All  bodies, — thole  which  are 
fixed  and  incombultible,  as  well  as  thofe  which  are 
inflammable, —fluids  as  well  as  folids, — are  found 
to  throw  oft'  thefe  rays  in  great  abundance,  as  loon 
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as  they  are  heated  to  that  degree  which  is  neceffary 
to  their  becoming  luminous  in  the  dark,  or  till  they 
are  red-hot. 

Bodies  even  that  are  heated  to  a Iefs  degree  than 
that  which  is  neceffary  to  their  emitting  vifihle  light, 
fend  off  calorific  rays  in  all  dire&ions.  This  is  a 
matter  of  fact,  that  has  been  proved  by  experi- 
ment. Do  all  bodies,  at  all  temperatures, — freez- 
ing mercury  as  well  as  melting  iron, — continually 
emit  thefe  rays  in  greater  or  lefs  quantities,  or  with 
greater  or  lefs  velocities  ? — Are  bodies  cooled  in 
confequence  of  their  emitting  thefe  rays  ? — Do 
thefe  calorific  rays  always  generate  heat,  even  when 
the  body,  by  which  they  are  (topped  or  abforbed, 
is  hotter  than  that  from  which  the  rays  proceed- 
ed ? — But  1 forget  that  I .promifed  not  to  involve 
myfelf  in  abftrufe  fpeculation. — To  return  then  : — 
Whatever  may  be  the  nature  of  the  rays  emitted 
by  burning  Fuel,  as  one  of  their  known  properties  is 
to  {generate  heat,  they  ought  certainly  to  be  very 
particularly  attended  to  in  every  arrangement  in 
which  the  Economy  of  Heat,  or  of  Fuel,  is  a prin- 
cipal objefl  in  view. 

As  thefe  calorific  rays  generate  heat  in  the  body 
by  which  they  are  flopped  or  abforbed , and  not  in  the 
medium  through  which  they  pafs,  it  is  neceffary  to 
difpofe  thofe  bodies  which  are  defigned  for  flopping 
them,  in  fuch  a manner  that  they  may  eafily  and 
neceffarily  communicate  the  heat  they  thus  acquire 
to  the  body  upon  which  it  is  intended  that  it  fhould 
operate. 
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The  clofed  fire-places  which  I have  recommend- 
ed, and  which  will  hereafter  be  more  particularly 
defcribed,  will  anfwer  this  purpofe  completely. 
The  Fire  being  clofed  in  thefe  fire-places  on  every 
fide,  as  well  below  the  grate  as  laterally,  and  in 
fliort  every  where,  except  where  the  bottom  of  the 
boiler  prefents  itfelf  to  the  Fire,  none  of  thefe  rays 
can  poflibly  efcape  ; and  as  the  materials  of  which 
the  fire-place  is  conitructed,  (bricks  and  mortar,) 
are  bad  conductors  of  heat,  but  a fmall  part  of  the 
heat  generated  in  the  combuftion  of  the  Fuel  will 
be  abforbed  and  tranfmitted  by  them  into  the  inte- 
rior parts  of  the  wall,  there  to  be  difperfed  and 
loft.  But  the  confining  of  heat  is  a matter  of  fuf- 
ficient  importance  to  deferve  being  treated  in  a fe- 
parate  Chapter. 
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CHAP.  III. 

Of  the  Means  of  confining  Heat,  and  direct- 
ing its  Operations. — Of  Conductors  and  Non- 
conductors of  Heat. — Common  Atmofpheric  Air  a 
good  Non-conductor  of  Heat , and  may  be  employed 
with  great  Advantage  for  confining  it — is  employed 
by  Nature  for  that  Purpofe,  in  many  Infiances — is 
the  principal  Caufe  of  the  Warmth  of  Natural  and 
Artificial  Clothing — is  the  foie  Caufe  of  the  Warmth 
of  Double  Windows. — Great  Utility  of  Double 
Windows  and  Double  Walls — they  are  equally  ufc- 
ful  in  Hot  Countries  as  in  Cold. — All  Elastic 
Fluids  Non- conductors  of  Heat. — Steam  proved 
by  Experiment  to  be  a Non-conduClor  of  Heat. — 
Flame  is  alfo  a Non- conductor  of  Heat. 

rrpHAT  Heat  paffes  more  freely  through  fome 
'**■  bodies  than  through  others,  is  a faCt  well 
known  ; but  the  caufe  of  this  difference  in  the  con- 
ducting powers  of  bodies  with  refpeCt  to  Heat,  has 
not  yet  been  difeovered. 

The  utility  of  giving  a wooden  handle  to  a tea- 
pot or  coffee-pot  of  metal,  or  of  covering  its  metallic 
handle  with  leather,  or  with  wood,  is  well  known: 
But  the  difference  in  the  conducting  powers  of  va- 
rious bodies  with  regard  to  Heat,  may  be  fhewrn  by 
a great  number  of  very  fimple  experiments  j — fuch 
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as  are  in  the  power  of  every  one  to  make  at  all 
times  and  in  all  places,  and  almoft  without  either 
trouble  or  expence. 

If  an  iron  nail,  and  a pin  of  Wood,  of  the  fame 
form  and  dimenfions,  be  held  fuccelfively  in  the 
flame  of  a candle,  the  difference  in  the  conducting 
powers  of  the  metal  and  of  wood  will  manifeft  it- 
felf  in  a manner  in  which  there  will  be  no  room 
left  for  doubt.  As  foon  as  the  end  of  the  nail, 
which  is  expofed  in  the  flame  of  the  candle,  begins 
to  be  heated,  the  other  end  of  it  will  grow  fo  hot  as 
to  render  it  impoflible  to  hold  it  in  the  hand  with- 
out being  burnt  $ but  the  wood  may  be  held  any 
length  of  time  in  the  fame  fituation  without  the  leaft 
inconvenience ; and,  even  after  it  has  taken  fire, 
it  may  be  held  till  it  is  almofl:  entirely  confumed ; 
for  the  uninflamed  wood  will  not  grow  hot,  and, 
till  the  flame  actually  comes  in  contaCt  with  the 
fingers,  they  will  not  be  burnt.  If  a fmall  flip  or 
tube  of  glafs  be  held  in  the  flame  of  the  candle  in 
the  fame  manner,  the  end  of  the  glafs  by  which  it 
is  held  will  be  found  to  be  more  heated  than  the 
wood,  but  incomparably  lefs  fo  than  the  pin  or  nail 
of  metal ; — and  among  all  the  various  bodies  that 
can  be  tried  in  this  manner,  no  two  of  them  will 
be  found  to  give  a paffage  to  Heat  through  their 
fubftances  with  exaClly  the  fame  degree  of  faci- 
lity *. 

To 

* To  fhow  the  relative  concluding  power  of  the  different  metals. 
Doctor  Ingenhoui  contrived  a very  pretty  experiment.  He  took 
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To  confine  Heat  is  nothing  more  than  to  prevent? 
its  efcape  out  of  the  hot  body  in  which  it  exifts, 
and  in  which  it  is  required  to  be  retained  ; and  this 
can  only  be  done  by  furrounding  the  hot  body  by 
fome  covering  compofed  of  a fubftance  through 
which  Heat  cannot  pafs,  or  through  which  it  pafles 
with  great  difficulty.  If  a covering  could  be  found 
perfectly  impervious  to  Heat,  there  is  reafon  to  be- 
lieve that  a hot  body,  completely  furrounded  by  it, 
would  remain  hot  for  ever  ; but  we  are  acquainted 
with  no  fuch  fubftance  ; nor  is  it  probable  that  any 
fuch  exifts. 

Thofe  bodies  in  which  Heat  pafles  freely  or  ra- 
pidly, are  called  Conductors  of  Heat ; thofe  in  which 
it  makes  its  way  with  great  difficulty,  or  very  flow- 
ly,  Non-conduClors,  or  bad  Conductors  of  Heat.  The 
epithets,  good,  bad,  indifferent,  excellent,  &c.  are 
applied  indifferently  to  conductors , and  to  non-con - 
duCtors.  A good  conductor,  for  inftance,  is  one  in 
which  Heat  pafles  very  freely ; a good  non-con- 
duCtor  is  one  in  which  it  pafles  with  great  difficulty ; 
and  an  indifferent  conductor  may  likewife  be  called, 
without  any  impropriety,  an  indifferent  non-con- 
duCtor. 

equal  cylinders  of  the  different  metals,  (being  flrait  pieces  of  flout 
wire,  drawn  through  the  fame  hole,  and  of  the  fame  length,)  and 
dipping  them  into  melted  wax,  covered  them  with  a thin  coating  of 
the  wax.  He  then  held  one  end  of  each  of  thele  cylinders  in  boiling 
water,  and  obferved  how  far  the  coating  of  wax  was  melted  by  the 
Heat  communicated  through  the  metal,  and  with  what  celerity  the 
II«it  palled. 
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Thofe  bodies  which  are  the  word  conductors,  or 
rather  the  beft  non-conduCtors  of  Heat,  are  beft 
adapted  for  forming  coverings  for  confining  Heat. 

All  the  metals  are  remarkably  good  conductors 
of  Heat ; — wood,  and  in  general  all  light,  dry,  and 
fpungy  bodies,  are  non-conduCtors  : Glafs,  though 
a very  hard  and  compact  body,  is  a non-conduCtor. 
Mercury,  water,  and  liquids  of  all  kinds,  are  con- 
ductors ; but  air,  and  in  general  all  elaftic  fluids, 
fleam  even  not  excepted,  are  non-conduCtors. 

Some  experiments  which  I have  lately  made,  and 
which  have  not  yet  been  publifhed,  have  induced 
me  to  fufpeCt  that  water , mercury,  and  all  other 
non-elaftic  fluids,  do  not  permit  Heat  to  pafs 
through  them  from  particle  to  particle,  as  it  un- 
doubtedly pafies  through  folid  bodies,  but  that 
their  apparent  conducting  powers  depend  eflen- 
tially  upon  the  extreme  mobility  of  their  parts ; in 
fhort,  that  they  rather  tranfport  Heat  than  allow  it 
a paflage.  But  I will  not  anticipate  a fubjeCt  which 
I propofe  to  treat  more  fully  at  fome  future 
period. 

The  conducting  power  of  any  folid  body  in  one 
folid  mafs,  is  much  greater  than  that  of  the  fame 
body  reduced  to  a powder,  or  divided  into  many 
fmaller  pieces : An  iron  bar,  or  an  iron  plate,  for 
inftance,  is  a much  better  conductor  of  Heat  than 
iron  filings  ; and  faw-duft  is  a better  non-conduCtor 
than  wood.  Dry  wood-afhes  is  a better  non-con- 
duCtor  than  either  ; and  very  dry  charcoal  reduced 
to  a fine  powder  is  one  of  the  beft  non-conduCtors 
known  j and  as  charcoal  is  perfectly  incombuftible 
: . e 3 . when 


54  Of  the  Management  of  Fire, 

when  confined  in  a fpace  where  frefh  air  can  have 
no  accefs,  it  is  admirably  well  calculated  for  forming 
a barrier  for  confining  Heat,  where  the  Heat  to  be 
confined  is  intenfe. 

But  among  all  the  various  fubftances  of  which 
coverings  may  be  formed  for  confining  Heat,  none 
can  be  employed  with  greater  advantage  than  com- 
mon atmol'pheric  air.  It  is  what  Nature  employs 
for  that  purpofe ; and  we  cannot  do  better  than  to 
imitate  her. 

The  warmth  of  the  wool  and  fur  of  beads,  and 
of  the  feathers  of  birds,  is  undoubtedly  owing  to 
the  air  in  their  interfaces ; which  air,  being 
flrongly  attradled  by  thefe  fubitances,  is  con- 
fined, and  forms  a barrier  which  not  only  prevents 
the  cold  winds  from  approaching  the  body  of  the 
animal,  but  which  oppofes  an  almofl  infurmount- 
able  obftacle  to  the  efcape  of  the  Heat  of  the  animal 
into  the  atmofphere.  And  in  the  fame  manner  the 
air  in  fnow  ferves  to  preferve  the  Heat  of  the  earth 
in  winter.  The  warmth  of  all  kinds  of  artificial 
clothing  may  be  fhown  to  depend  on  the  fame 
caufe  ; and  were  this  circumflance  more  generally 
known,  and  more  attended  to,  very  important  im- 
provements in  the  Management  of  Heat  could  not 
fail  to  refult  from  it.  A great  part  of  our  lives  is 
fpent  in  guarding  ourfelves  againfl  the  extremes  of 
heat  and  of  cold,  and  in  operations  in  which  she 
ufe  of  Fire  is  indifpenfable  ; and  yet  how  little 
progrefs  has  been  made  in  that  mod  ufeful  and 
mod  important  of  the  arts, — the  Management  of 
Heat ! 
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Double  windows  have  been  in  ufe  many  years  in 
molt  of  the  northern  parts  of  Europe,  and  their 
great  utility,  in  rendering  the  houfes  furnilhed  with 
them  warm  and  comfortable  in  winter,  is  univer- 
fally  acknowledged, — but  I have  never  heard  that 
any  body  has  thought  of  employing  them  in  hot 
countries  to  keep  their  apartments  cool  in  fuin- 
mer  ; — yet  how  eafy  and  natural  is  this  application 
of  fo  fimple  and  fo  ufeful  an  invention ! — If  a 
double  window  can  prevent  the  heat  which  is  in  a 
room  from  palling  out  of  it , one  would  imagine  it 
could  require  no  great  effort  of  genius  to  difcover 
that  it  would  be  equally  efficacious  for  preventing 
the  Heat  without  from  coming  in.  But  natural  as 
this  conclufion  may  appear,  I believe  it  has  never, 
yet  occurred  to  any  body  ; at  lead  I am  quite  cer- 
tain that  I have  never  feen  a double  window  either 
In  Italy,  or  in  any  other  hot  country  I have  had  oc- 
cafion  to  vifit  *. 

But  the  utility  of  double  windows  and  double 
walls,  in  hot  as  well  as  in  cold  countries,  is  a mat- 
ter of  fo  much  importance  that  I fhall  take  occafion 
to  treat  it  more  fully  in  another  place.  In  the 
mean  time,  I fhall  only  obferve  here,  that  it  is  the 
confined  air  fhut  up  between  the  two  windows,  and 
not  the  double  glafs  plates,  that  renders  the  paffage 

* When  double  windows  are  ufed  in  hot  countries,  to  keep  dwell- 
ing-houfes  cool,  great  care  muft  be  taken  to  fcreen  thole  windows 
from  the  fun’s  direct  rays,  and  even  from  the  ftrong  light  of  day, 
ptherwife  they  will  produce  effc&s  direflly  contrary  to  thofe  intended. 
'J  his  may  eafily  be  done,  either  by  Venetian  blinds  or  by  awnings, 
tn  all  cafes  where  rooms  are  to  be  kept  cool  in  hot  weather,  the 
lefs  light  that,  is  permitted  to  enter  the#p,  the  cooler  they  will  be. 
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of  Heat  through  them  fo  difficult.  Were  it  owing 
to  the  increafed  thicknefs  of  the  glafs,  a fingle  pane 
of  glafs  twice  as  thick  would  anfwer  the  fame  pur- 
pofe ; but  the  increafed  thicknefs  of  the  glafs  of 
which  a window  is  formed,  is  not  found  to  have  any 
fenfible  effedt  in  rendering  a room  warmer. 

But  air  is  not  only  a non-condudtor  of  Heat,  but 
its  non-condu&ing  power  may  be  greatly  increafed. 
To  be  able  to  form  a juft  idea  of  the  manner  in 
which  air  may  be  rendered  a worfe  conductor  of 
Heat,  or,  which  is  the  fame  thing,  a better  non- 
conductor of  it  than  it  is  in  its  natural  unconfined 
ftate,  it  will  be  neceffary  to  confider  the  manner  in 
which  Heat  paffes  through  air.  Now  it  appears, 
from  the  refult  of  a number  of  experiments  which 
1 made  with  a view  to  the  inveftigation  of  this  fub- 
ject,  and  which  are  publiffied  in  a Paper  read  be- 
fore the  Royal  Society  #,  that  though  the  particles 
of  air,  each  particle  for  itfelf,  can  receive  Heat  from 
other  bodies , or  communicate  it  to  them,  yet  there  is 
no  communication  of  Pleat  between  one  particle  of 
air  and  another  particle  of  air . And  from  hence  it 
follows,  that  though  air  may,  and  certainly  does, 
carry  off  Heat,  and  tranfport  it  from  one  place,  or 
from  one  body  to  another,  yet  a mafs  of  air  infSa 
quiefcent  ftate,  or  with  all  its  particles  at  reft,  could 
it  remain  in  that fkate , — would  be  totally  impervious 
to  Heat ; or  fuch  a mafs  of  air  would  be  a perfedt 
non-condudtor. 

Now  if  heat  paffes  in  a mafs  of  air  merely  in  con- 
fequence  of  the  motion  it  occafions  in  that  air, — if 

• See  the  Philofophical  Tranfa&ions,  1791. 
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it  be  iranfported , — not  fuffered  to  pafs , — in  that  cafe, 
it  is  clear,  that  whatever  can  obftrud  and  impedt 
the  internal  motion  of  the  air,  mull  tend  to  dimi- 
nilh  its  conducting  power  : And  this  I have  found 
to  be  the  cafe  in  faCt.  I found  that  a certain  quan- 
tity of  Heat  which  was  able  to  make  its  way  through 
a wall,  or  rather  a Iheet  of  confined  air  | an  inch 
thick  in  9-5-  minutes,  required  2 minutes  to  make 
its  wray  through  the  fame  wall,  when  the  internal 
motion  of  this  air  was  impeded  by  mixing  with  it 
part  of  its  bulk  of  eider-down,— of  very  fine  fur, 
or  of  fine  filk,  as  fpun  by  the  worm. 

But  in  mixing  bodies  with  air,  in  order  to  im- 
pede its  internal  motion,  and  render  it  more  fit  for 
confining  Heat,  fuch  bodies  only  mull  be  chofen  as 
are  themfelves  non-condu£tors  of  Heat,  otherwife 
they  will  do  more  harm  than  good,  as  I have  found 
by  experience.  When,  inftead  of  making  ufe  of 
eider-down,  fur,  or  fine  filk,  fof  impeding  the  inter- 
nal motion  of  the  confined  air,  I ufed  an  equal 
volume  of  exceedingly  fine  filver-wire  flatted,  (be- 
ing the  ravellings  of  gold  or  filver  lace,)  the  paflage 
of  the  Heat  through  the  barrier,  fo  far  from  being 
impeded,  was  remarkably  facilitated  by  this  addi- 
tion ; the  Heat  palling  through  this  compound  of 
air  and  fine  threads  of  metal  much  fooner  than  it 
would  have  made  its  way  through  the  air  alone. 

Another  circumflance  to  be  attended  to  in  the 
choice  of  a fubftance  to  be  mixed  with  air,  in  order 
to  form  a covering  or  barrier  for  confining  Heat,  is 
the  finenefs  or  fubtility  of  its  parts ; for  the  finer 

they 
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they  are,  the  greater  will  be  their  furface  in  propor- 
tion to  their  folidity,  and  the  more  will  they  impede 
the  motions  of  the  particles  of  the  air.  Coarfe 
horfe-hair  would  be  found  to  anfwer  much  worfe 
for  this  purpofe  than  the  fine  fur  of  a beaver, 
though  it  is  not  probable  that  there  is  any  eflential 
difference  in  the  chymical  properties  of  thofe  two 
kinds  of  hair. 

But  it  is  not  only  the  finenefs  of  the  parts  of  a 
fubftance,  and  its  being  a non-conduCtor,  which 
render  it  proper  to  be  employed  in  the  formation 
of  covering  to  confine  Heat ; — there  is  ftill  another 
property,  more  occult,  which  feems  to  have  great 
influence  in  rendering  fome  fubftances  better  fitted 
for  this  ufe  than  others ; and  this  is  a certain  at- 
traction which  fubfifts  between  certain  bodies  and 
air.  The  obftinacy  with  which  air  adheres  to  the 
fine  fur  of  beads  and  to  the  feathers  of  birds,  is 
well  known  ; and  it  may  eafily  be  proved  that  this 
attraction  mud  aflifl  very  powerfully  in  preventing 
the  motion  of  the  air  concealed  in  the  interdices  of 
thofe  fubdances,  and  confequently  in  impeding  the 
paflage  of  Heat  through  them. 

i-erhaps  there  may  be  another  dill  more  hidden 
cauie  which  renders  one  fubdance  better  than  an- 
other for  confining  Heat.  I have  drown  by  a direCt 
and  unexceptionable  Experiment,  that  Heat  can 
pafs  through  the  Torricellian  vacuum  % though 
with  rather  more  difficulty  than  in  air  (the  con- 

* See  my  Experiments  on  Heat,  publiflicd  in  the  PbilofopliicrU 
Tranlajtions,  vol.  lxxvi. 
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dueling  power  of  air  being  to  that  of  a Torricel- 
lian vacuum  as  1000  to  604,  or  as  10  to  6,  very 
nearly)  ; but  if  Heat  can  pafs  where  there  is  no  air, 
it  muft  in  that  cafe  pafs  by  a medium  more  fubtile 
than  air  ; a medium  which  moft  probably  per- 
vades all  folid  bodies  with  the  greatefl  facility,  and 
which  muft  certainly  pervade  either  the  glafs  or  the 
mercury  employed  in  making  a.  Torricellian  va- 
cuum. 

Now,  if  there  exifts  a medium  more  fubtile  than 
air,  by  which  Heat  may  be  condu&ed,  is  it  not  pof- 
fible  that  there  may  exift  a certain  affinity  between 
that  medium  and  fenfible  bodies  ? a certain  attrac- 
tion or  cohefion  by  means  of  which  bodies  in  gene- 
ral, or  fome  kinds  of  bodies  in  particular,  may. 
Come  how  or  other,  impede  this  medium  in  its  ope- 
rations in  conducing  or  tranfporting  Heat  from  one 
place  to  another  ? It  appeared  from  the  refult  of 
feveral  of  my  Experiments,  of  which  I have  given 
an  account  in  detail  in  my  paper  before  mentioned, 
publiffiedin  the  year  1786  in  the  Lxxvith  Vol.  of 
the  Philofophical  TranfaCtions,  that  the  conducting 
power  of  a Torricellian  vacuum  is  to  that  of  air  as- 
604  to  1000: — but  1 found  by  a fubfequent  Ex- 
periment, (fee  my  fecond  Paper  on  Heat,  publiftied 
in  the  Philofophical  Tranfa&ions  for  the  year 
1792,) — that  55  parts,  in  bulk  of  air,  with  1 part 
of  fine  raw  filk,  formed  a covering  for  confining 
Heat,  the  conducting  power  of  w'hich  was  to  that 
of  air  as  576  to  1284  ; or  as  448  to  1000.  Now, 
from  the  refult  of  this  laft- mentioned  Experiment, 

it 
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it  fhould  feem  that  the  introduction  into  the  fpace 
through  which  the  Heat  pafled,  of  fo  fmall  a quan- 
tity of  raw  filk  as  TV  part  of  the  volume,  or  capa- 
city of  that  fpace,  rendered  that  fpace  (which  now 
contained  55  parts  of  air  and  1 part  of  filk)  more 
impervious  to  Heat  than  even  a Torricellian  va- 
cuum.— The  filk  mull  therefore  not  only  have 
completely  deftroyed  the  conducting^  power  of  the 
air,  but  muff  alfo  at  the  fame  time  have  very  fenfi- 
bly  impaired  that  of  the  etherial  fluid  which  pro- 
bably occupies  the  interflices  of  air,  and  which 
ferves  to  conduCt  Heat  through  a Torricellian  va- 
cuum : For  a Torricellian  vacuum  was  a better 
conductor  of  Heat,  than  this  medium,  in  the  pro- 
portion of  604  to  448.  But  I forbear  to  enlarge 
upon  this  fubjeCt,  being  fenfible  of  the  danger  of 
reafoning  upon  the  properties  of  a fluid  whofe  ex- 
iftence  even  is  doubtful ; and  feeling  that  our 
knowledge  of  the  nature  of  Heat,  and  of  the  man- 
ner in  which  it  is  communicated  from  one  body  to 
another,  is  much  too  imperfeCl  and  obfcure  to  en- 
able us  to  purfue  thefe  fpeculations  with  any  pro- 
fpeCt  of  fuccefs  or  advantage. 

Whatever  may  be  the  manner  in  which  Heat  is 
communicated  from  one  body  to  another,  I think  it 
has  been  fufliciently  proved  that  it  pafles  with  great 
difficulty  through  confined  air;  and  the  knowledge 
of  this  fact  is  very  important,  as  it  enables  us  to 
take  our  meafures  with  certainty  and  with  facility 
for  confining  Heat,  and  direCling  its  operations  to 
ufeful  purposes. 


But 
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But  atmofpheric  air  is  not  the  only  non-conduCtor 
of  Heat.  All  kinds  of  air,  artificial  as  well  as  na- 
tural, and  in  general  all  elaftic  fluids,  fleam  not 
excepted , feem  to  poflefs  this  property  in  as  high  a 
degree  of  perfection  as  atmofpheric  air. 

That  (team  is  not  a conductor  of  Heat,  I proved 
by  the  following  Experiment : A large  globular 
bottle  being  provided,  of  very  thin  and  very  tranf- 
parent  glafs,  with  a narrow  neck,  and  its  bottom 
drawn  inward  fo  as  to  form  a hollow  hemifphere 
about  6 inches  in  diameter  ; this  bottle,  which  was 
about  8 inches  in  diameter  externally,  being  filled 
with  cold  water,  was  placed  in  a fhallow  difli,  or 
rather  plate,  about  10  inches  in  diameter,  with  a 
flat  bottom  formed  of  very  thin  fheet  brafs,  and 
raifed  upon  a tripod,  and  which  contained  a fmall 
quantity  (about  xVof  an  inch  in  depth)  of  water; 
a fpirit  lamp  being  then  placed  under  the  middle  of 
this  plate,  in  a very  few  minutes  the  water  in  the 
plate  began  to  boil,  and  the  hollow  formed  by  the 
bottom  of  the  bottle  was  filled  with  clouds  of  fleam, 
which,  after  circulating  in  it  with  furprifing  ra- 
pidity 4 or  5 minutes,  and  after  forcing  out  a good 
deal  of  air  from  under  the  bottle,  began  gradually 
to  clear  up.  At  the  end  of  8 or  io  minutes  (when, 
a3  I fuppofed,  the  air  remaining  with  the  fleam  in 
the  hollow  cavity  formed  by  the  bottom  of  the 
bottle,  had.  acquired  nearly  the  fame  temperature 
as  that  of  the  fleam)  thefe  clouds  totally  difap- 
peared ; and,  though  the  water  continued  to  boil 
with  the  utmoft  violence,  the  contents  of  this  hol- 
low 
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low  cavity  became  fo  perfectly  invifible,  and  fo 
little  appearance  was  there  of  fleam,  that,  had  it 
not  been  for  the  dreams  of  water  which  were  con- 
tinually running  down  its  fides,  I fhould  almod 
have  been  tempted  to  doubt  whether  any  deam  was 
actually  generated. 

Upon  lifting  up  for  an  indant  one  fide  of  the 
bottle,  and  letting  in  a finall  quantity  of  cold  air, 
the  clouds  indantly  returned,  and  continued  circu- 
lating feveral  minutes  with  great  rapidity,  and  then 
gradually  difappeared  as  before.  This  Experiment 
was  repeated  feveral  times,  and  always  with  the 
fame  refult ; the  deam  always  becoming  vifible 
when  cold  air  was  mixed  with  it,  and  afterwards 
recovering  its  tranfparency  when,  part  of  this  air 
being  expelled,  that  which  remained  had  acquired 
the  temperature  of  the  deam. 

Finding  that  cold  air  introduced  under  the  bottle 
caufed  the  deam  to  be  partially  condenfed,  and 
clouds  to  be  formed,  I was  defirous  of  feeing  what 
vifible  effects  would  be  produced  by  introducing  a 
cold  folid  body  under  the  bottle.  I imagined  that 
if  deam  was  a conductor  of  Heat,  fome  part  of  the 
Heat  in  the  deam  palling  out  of  it  into  the  cold 
body,  clouds  would  of  courfe  be  formed ; but  I 
thought  if  deam  was  a non-conduflor  of  Heat, — 
that  is  to  fay,  if  one  particle  of  fleam  could  not  com- 
municate any  part  of  its  Heat  to  its  neighbouring  par- 
ticles, in  that  cafe,  as  the  cold  body  could  only 
affeft  the  particles  of  deam  actually  in  contact  with 
it,  no  cloud  would  appear  ; and  the  refult  of  the 
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Experiment  (hewed  that  fleam  is  in  fa£t  a non-con- 
dud  or  of  Heat ; for,  notwithdanding  the  cold  body 
ufed  in  this  Experiment  was  very  large  and  very 
cold,  being  a folid  lump  of  ice  nearly  as  large  as 
an  hen’s  egg,  placed  in  the  middle  of  the  hollow 
cavity  under  the  bottle,  upon  a fmall  tripod  or 
(land  made  of  iron  wire  j yet  as  foon  as  the  clouds 
which  were  formed  in  confequence  of  the  unavoid- 
able introdu&ion  of  cold  air  in  lifting  up  the  bottle 
to  introduce  the  ice,  were  diflipated,  which  foon 
happened,  the  fleam  became  fo  perfectly  tranfparent 
and  invifible,  that  not  the  fmallejl  appearance  of 
cloudinefs  was  to  be  feen  any  where , not  even  about 
the  ice,  which,  as  it  went  on  to  melt,  appeared  as 
clear  and  as  tranfparent  as  a piece  of  the  fined  rock 
crydal. 

This  Experiment,  which  I fird  made  at  Florence, 
in  the  month  of  November  1793,  was  repeated 
feveral  times  in  the  prefence  of  Lord  Palmerdon, 
who  was  then  at  Florence,  and  Monf.  de  Fontana  *. 

In 

* The  bottle  made  ufe  of  in  this  Experiment,  though  it  appeared 
very  large  externally,  contained  but  a very  fmall  quantity  of  water, 
owing  to  its  bottom  being  very  much  drawn  inwards.  As  the  hoi' 
low  cavity  under  the  bottle  of  the  bottle  (which,  as  I juft  obferved, 
was  nearly  in  the  form  of  a hemifphcre,  and  6 inches  in  diameter) 
fei  ved  as  a receiver  for  confining  the  fteam  which  rofe  from  the 
boiling  water  in  the  plate,  it  may  perhaps  be  imagined  that  a common 
glafs  receiver  in  the  form  of  a bell,  fuch  as  are  ufed  in  Pneuinatical 
Experiments,  might  anfwer  as  well  as  this  bottle;  I thought  fo  my- 
felf,  but  upon  making  the  experiment  I found  my  miftake.  A 
common  receiver  will  anfwer  perfectly  well  for  confining  the  fteam, 
but  the  glafs  foon  becomes  fo  hot  that  the  drops  of  water  which  are 
formed  upon  its  internal  fuiface,  in  confequence  of  the  condenfation 
yf  the  fteam,  inftead  of  running  down  the  fides  of  the  receiver  in  clear 
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In  thefe  Experiments  the  air  was  not  entirely  ex- 
pelled from  under  the  bottle ; on  the  contrary,  a 
confiderable  quantity  of  it  remained  mixed  with 
the  fleam  even  after  the  clouds  had  totally  difap- 
peared,  as  I found  by  a particular  Experiment 
made  with  a view  to  afeertain  that  fad  j but  that 
circumftance  does  not  render  the  refult  of  this  Ex- 
periment lefs  curious,  on  the  contrary  I think  it 
tends  to  make  it  more  furprifmg.  It  fhould  feem 
that  neither  the  rnafs  of  fleam,  nor  that  of  air,  were 
at  all  cooled  by  the  body  of  ice  which  they  fur- 
rounded,  for  if  the  air  had  been  cooled,  (in  mafs.) 
it  feems  highly  probable  that  the  clouds  would  have 
returned. 

The  refults  of  thefe  Experiments  compared  with 
thofe  formerly  alluded  to,  in  which  I had  endea- 
voured to  afeertain  the  mofl  advantageous  forms 
for  boilers,  opened  to  me  an  entirely  new  field  for 
fpeculation  and  for  improvement  in  the  Manage- 
ment of  Fire.  They  fhewed  me  that  not  only  cold 
air,  but  alfo  hot  air,  and  hot  fleam,  and  hot  mix- 
tures of  air  and  fleam,  are  non-conductors  of 
Heat}  confequently,  that  the  hot  vapour  which 

tranfparent  (beams,  form  blotches  anti  ftreaks,  which  render  the  glafs 
lb  opaque  that  nothing  can  be  feen  didinftly  through  it;  and  this  of 
courfe  completely  fruftrates  the  main  defign  of  the  Experiment;  but 
the  cold  water  in  the  bottle  keeping  the  glafs  cool,  the  condenfation  of 
the  fteain  upon  the  fides  of  the  hollow  cavity  formed  by  the  bottom 
of  the  bottle,  goes  on  more  regularly,  and  the  dreams  of  water  which 
are  continually  running  down  the  fides  of  the  glafs,  uniting  together, 
form  one  tranfparent  (beet  of  water,  by  which  means  every  thing  that 
goes  on  under  the  bottle  may  be  didinflly  lten. 


rifes 


and  the  Economy  of  fuel.  65 

rifes  from  burning  fuel,  and  even  the  fame  itfeif, 
is  a 7ion-condudor  of  Heat. 

This  may  be  thought  a bold  aflertion,  but  a little 
calm  reflection,  and  a careful  examination  of  the 
phenomena  which  attend  the  combuftion  of  Fuel, 
and  the  communication  of  Heat  by  flame,  will  fliow 
it  to  be  well-founded  ; and  the  advantages  that  may 
be  derived  from  the  knowledge  of  this  fa£t  are  of 
very  great  importance  indeed.  But  this  fubjeft 
deferves  to  be  thoroughly  inveftigated. 
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CHAP.  IV. 


Of  the  Manner  in  which  Heat  is  communi- 
cated by  Flame  to  other  Bodies . — Flame  ads  on 
Bodies  in  the  fame  manner  as  a hot  Wind . — The 
Fffed  of  a Blow-pipe  in  increafing  the  Adivity  of 
Flame  explained , and  illujlrated  by  Experiments.  — • 
A Knowledge  of  the  Manner  in  which  Heat  is 
communicated  by  Flame  neceffary  in  order  to  deter- 
mine the  moft  advantageous  Forms  for  Boilers. — 
General  Principles  on  which  Boilers  of  all  Dimen- 
fions  ought  to  be  conftruded. 

Tl?  Flame  be  merely  vapour,  or  a mixture  of 
-*•  air  and  {team  heated  red-hot,  as  air  and  fleam 
are  both  non-conductors  of  heat,  there  feems  to  be 
no  difficulty  in  conceiving  that  Flame  may,  not- 
withftanding  its  great  degree  of  heat,  dill  retain  the 
properties  of  its  component  fluids,  and  remain  a 
non-condudor  of  Heat.  The  non-condu£ting  power 
of  air  does  not  appear  to  be  at  all  impaired  by  be- 
ing heated  to  the  temperature  of  boiling  water  ; 
and  I fee  no  reafon  why  that  property  in  air,  or  in 
any  other  elaflic  fluid,  fhould  be  impaired  by  any 
augmentation  of  temperature  however  great.  If 
Hearn,  or  if  air,  at  the  temperature  of  212  degrees, 
of  Fahrenheit’s  thermometer,  be  a non-condu&or 
6 of 
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of  heat,  why  fhould  it  not  remain  a non-conduflor 
at  that  of  1000  degrees,  or  when  heated  red-hot  ? 

I confefs  I do  not  fee  how  a body  could  be  deprived 
of  a property  fo  effential,  without  being  at  the  fame 
time  totally  changed  ; and  I believe  nobody  will 
imagine  that  either  air  or  fleam  undergo  any  chy- 
raic'al  change  merely  by  being  heated  to  the  tempera- 
ture of  red-hot  iron.  But  without  infilling  upon 
thefe  reafonings,  however  conclufive  I may  think 
them,  I /hall  endeavour  to  fhow,  from  experiment 
and  obfervation,  in  fhort  to  prove , that  Flame  is  in 
fai5l  a non-condu£tor  of  Heat. 

Taking  it  for  granted, — what  I imagine  will  not 
be  denied, — that  air  is  a non-condu6tor  of  heat,  at 
leaft  in  the  fenfe  I have  ufed  that  appellation,  I fhali 
endeavour  to  fhow  that  Flame  a£ts  precifely  in  the 
fame  manner  as  a hot  wind  would  do  in  commu- 
nicating heat,  and  in  no  other  way  ; and  if  I fuc- 
ceed  in  this,  I fancy  I may  confider  the  propofition 
as  fufficiently  proved. 

The  effeft  of  a blaft  of  cold  air  in  cooling  any 
hot  body  expofed  to  it  is  well  known,  and  the 
caufes  of  this  effeft  may  eafily  be  traced  to  that 
property  of  air  which  renders  it  a non-condu£lor 
of  heat ; for  if  the  particles  of  cold  air  in  contact 
with  a hot  body,  could,  with  perfett  facility,  give 
the  heat  they  acquire  from  the  hot  body  to  other 
particles  of  air  by  which  they  are  immediately 
furroundcd,  and  thefe  again  to  others,  and  fo  on, 
the  heat  would  be  carried  off  as  fajl  as  the  hot  body 
could  part  •with  it,  and  any  motion  of  the  particles 
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of  the  air, — any  wind,  or  blaft,  would  not  fenfibly 
facilitate  or  haften  the  cooling  of  the  body  ; and 
by  a parity  of  reafoning  it  may  be  fhown,  that  if 
Flame  were  in  fad  a perfed  conductor  of  heat,  any 
cold  body  plunged  into  it  would  'always  be  heated 
as  faji  as  that  body  could  receive  heat  ; and  neither 
any  motion  of  the  internal  parts  of  the  Flame,  nor 
the  velocity  with  which  it  impinged  againft  the  cold 
body,  could  have  any  fenfible  effect  either  to  faci- 
litate or  accelerate  the  heating  of  the  body.  But  if 
Flame  be  a non-condudor  of  heat,  its  action  will 
be  exactly  fimilar  to  that  of  a hot  wind,  and  con- 
fequently  much  will  depend  upon  the  manner  in 
which  it  is  applied  to  any  body  intended  to  be 
heated  by  it. — Thofe  particles  of  it  only  which  are 
in  attual  coniadl  with  the  body  will  communicate 
heat  to  it ; and  the  greater  the  number  of  different 
particles  of  the  Flame  that  are  brought  into  con- 
tad  with  it,  the  greater  will  be  the  quantity  of  heat 
communicated  : Hence  the  importance  of  caufmg 
the  Flame  to  impinge  with  force  againft  the  body  to 
be  heated,  and  to  ftrike  it  in  fuch  a manner  that  its 
current  may  be  broken,  and  that  whirlpools  may  be  * 
formed  in  it ; for  the  rapid  motion  of  the  Flame 
caufes  a quick  fueceffion  of  hot  particles ; and  ad- 
mitting our  affuined  principles  to  be  true,  it  is  quite 
evident  that  every  kind  of  internal  motion  among 
the  particles  of  the  Flame  by  which  it  can  be  agita- 
ted, muft  tend  very  powerfully  to  accelerate  the 
communication  of  the  heat. 


The 


and  the  Economy  of  Fuel.  69 

The  efiFe£t  of  a blow-pipe  is  well  known,  but  I 
do  not  think  that  the  manner  in  which  it  increafes 
the  adiion  of  Flame  has  ever  been  fatisfa&orily  ex- 
plained. It  has  generally  been  imagined,  I be- 
lieve, that  the  current  of  frefh  air  which  is  forced 
through  the  Flame  by  a blow-pipe  actually  increafes 
the  quantity  of  heat ; I rather  fuppofe  it  does  little 
more  than  direct  the  heat  adlually  exifting  in  the 
Flame  to  a given  point.  A current  of  air  cannot 
generate  heat,  without  at  the  fame  time  being  de- 
compofed ; and  in  order  to  its  being  decompofed 
in  a fire,  it  muft  be  brought  into  aftual  contaft 
with  the  burning  Fuel,  or  at  lead:  with  the  unin- 
flamed inflammable  vapour  which  rifes  from  it : — 
But  can  it  be  fuppofed  that  there  can  be  any  thing 
inflammable,  and  not  a&ually  inflamed,  in  the 
clear,  bright,  and  perfectly  tranfparent  Flame  of  a 
wax-candle  ? — A blow-pipe  has  however  as  fenfible 
an  effeQ,  when  direfted  againfl  the  clear  Flame  of  a 
wax-candle,  as  when  it  is  employed  to  encreafe  the 
a&ion  of  a common  glafs-worker’s  lamp. 

Conceiving  that  the  difeovery  of  the  manner  in 
which  the  current  of  air  from  a blow -pipe  ferves  to 
increafe  the  intenfity  of  the  action  of  the  Flame 
could  not  fail  to  throw  much  light  upon  the  fubo 
je£t  under  confideration, — namely,  the  inveftiga- 
tion  of  the  manner  in  which  heat  is  communicated 
to  bodies  by  Flame, — I made  the  following  Expe- 
riments, the  relults  of  which  I conceive  to  be  de- 
cifive. 
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Concluding  that  the  current  of  air  from  a blow- 
pipe, directed  againft  the  Flame  of  any  burning 
body,  could  tend  to  increafe  the  intenfity  of  the 
action  of  the  Flame  only  in  one  or  both  of  thefe  two 
ways,  namely,  by  increafmg  its  action  upon  the 
body  againft  which  it  is  directed  ; or  by  actually 
increafmg  the  quantity  of  heat  generated  in  the 
combuftion  of  the  Fuel ; a method  occurred  to  me 
by  which  I thought  it  poflible  to  determine,  by  ac- 
tual experiment,  to  which  of  thefe  caufes  the  effect 
in  queftion  is  owing,  or  how  much  each  of  them 
might  contribute  to  it.  To  do  this  I filled  a large 
bladder,  containing  above  a gallon,  with  fixed  air, 
which,  as  is  well  known,  is  totally  unfit  for  fup- 
porting  the  combuftion  of  inflammable  bodies,  and 
which,  of  courfe,  could  not  be  fufpefted  of  adding 
any  heat  to  a Flame  againft  which  a current  of  it 
ftiould  be  directed  ; I imagined  therefore  that  if  a 
blow-pipe  fupplied  with  this  air,  on  being  directed 
againft  the  Flame  of  a candle,  fhould  be  found  to 
produce  nearly  the  fame  effeft  as  when  common 
air  is  ufed  for  the  fame  purpofe,  it  would  prove  to 
a demonftration  that  the  augmentation  of  the  in- 
tenfity of  the  action,  or  activity  of  the  Flame  which 
arifes  from  the  ufe  of  a blow-pipe,  is  owing  to  the 
agitation  of  the  Flame,— to  its  being  directed  to  a 
point, — to  the  impetuofity  with  which  it  is  made 
to  ftrike  againft  the  body  that  is  heated  by  it, — 
and  to  the  rapid  fucceflion  of  frefli  particles  of  this 
hot  vapour,  and  not  to  any  pofitive  increafe  of  beat . 

A blow* 
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A plow-pipe  being  attached  to  the  bladder  con- 
taining fixed  air,  the  end  of  this  pipe  was  dire&ed 
to  the  clear  brilliant  flame  of  a wax  candle,  which 
had  juft  been  fnuffed ; and,  by  comprefling  the 
bladder,  the  Flame  was  projected  againfl:  a fmall 
tube  of  glafs,  which  was  very  foon  made  red-hot, 
and  even  melted. 

Having  repeated  this  Experiment  feveral  times, 
and  having  found  how  long  it  required  to  melt  the 
tube  when  the  Flame  of  the  candle  was  forced 
againfl:  it  by  a blaft  of  fixed  air , I now  varied  the 
experiment,  by  making  ufe  of  common  atmofpheric 
air,  inftead  of  fixed  air  ; taking  care  to  employ  the 
fame  candle  and  the  fame  blow-pipe  ufed  in  the  for- 
mer experiments,  and  even  making  ufe  of  the 
bladder,  in  order  that  the  experiments  being  ex- 
attly  fimilar,  and  differing  only  in  the  kinds  of  air 
made  ufe  of,  the  effect  of  that  difference  might  be 
difcovered  and  eflimated. 

The  refults  of  thefe  experiments  were  very 
interefling ; and  proved  in  a decifive  manner, 
that  the  effect  of  a blow-pipe,  when  applied  to  clear 
Flame , arifes  not  from  any  real  augmentation  of 
heat,  but  merely  from  the  encreafed  a&ivity  of 
the  Flame,  in  confequence  of  its  being  impelled 
with  force,  and  broken  in  eddies  on  the  furface  of 
the  body  againfl:  which  it  is  made  to  a£t ; the  effect 
of  the  blow-pipe  on  thefe  experiments  being  to  all 
appearance  quite  as  great  when  fixed  air  was  made 
ufe  of,  (which  could  not  increafe  the  quantity  of 

heat,)  as  when  atmofpheric  air  was  ufed. 
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But  conceiving  the  determination  of  this  queftion 
relative  to  the  manner  which  Flame  communicates 
heat,  to  be  a matter  of  much  importance,  I did 
not  reft  my  inquiries  here  : I repeated  the  expe- 
riments very  often,  and  varied  them  in  a great 
number  of  different  ways ; fometimes  making  ufe 
of  fixed  air ; fometimes  of  atmofpheric  air  ; and 
at  other  times  ufing  dephlogifticated  air ; and 
common  air  rendered  unfit  for  the  fupport  of  ani- 
mal life  and  of  combuftion,  by  burning  a candle  in 
it  till  the  candle  went  out. 

It  would  take  up  too  much  time  to  give  an  ac- 
count in  detail  of  all  thefe  experiments ; I fhall 
therefore  content  myfelf  with  merely  obferving 
that  they  all  tended  to  fhow  that  the  effeft  of  a 
blow-pipe  ufed  in  the  manner  here  defcribed , is  owing 
to  the  diredtion  and  velocity  it  gives  to  the  Flame 
againft  which  it  is  employed,  and  not  to  any  real 
increafe  of  heat. 

It  muft  be  remembered  that  the  principal  objedt 
I had  in  view  in  thefe  experiments  was  to  difcover 
the  manner  in  which  Flame  communicates  heat  to 
other  bodies,  and  by  what  means  that  communi- 
cation may  be  facilitated. — Were  it  required  to  in- 
creafe the  intenfity  of  the  heat  by  blowing  the fire , the 
current  of  air  muft  be  applied  in  fuch  a manner  as 
to  expedite  the  combuftion  ; it  muft  be  directed  to 
the  inflamed  furface  of  the  burning  Fuel,  and  not 
to  the  red-hot  vapour  or  flame  which  rifes  from  it, 
and  in  which  the  combuftion  is  moft  probably 
already  quite  complete ; and  in  this  cafe  there  is 

no 
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no  doubt  but  the  effedt  produced  by  blowing  would 
depend  much  upon  the  quality  of  the  air  made 
ufe  of. 

The  refults  of  the  foregoing  experiments  with 
the  blow-pipe  will,  I am  confident,  be  thought 
quite  conclufive  by  thofe  who  take  the  trouble 
to  confider  them  attentively, — and  the  advantages 
that  may  be  derived  from  the  knowledge  of  the 
fadl  eflablifhed  by  them  are  very  obvious.  If  Flame, 
or  the  hot  vapour  which  arifes  from  burning  bodies, 
be  a non-condu£lor  of  heat ; — and  if,  in  order  to 
communicate  its  heat  to  any  other  body,  it  be  ne- 
.ceffary  that  its  particles  individually  be  brought  into 
adtual  contact  with  that  body  ; it  is  evident  that 
the  form  of  a boiler,  and  of  its  fire-place,  muff  be 
matters  of  much  importance ; and  that  that  forvi 
mud  be  mofl  advantageous,  which  is  bed  calculated 
to  produce  an  internal  motion  in  the  Flame,,  and  to 
bring  alternately  as  many  of  its  particles  as  poffible 
into  contact  with  the  body  which  is  to  be  heated  by 
it.  The  boiler  mud  not  only  have  as  large  a fur- 
face  as  poffible,  but  it  mud  be  of  fuch  a form  as 
to  caufe  the  Flame  which  embraces  it — to  impinge 
againd  it  with  force — to  break  againd  it — and  to 
play  over  its  furface  in  eddies  and  whirlpools. 

It  is  therefore  againd  the  bottom  of  a boiler,  and 
not  againd  its  Tides,  that  the  principal  efforts  of  the 
Flame  mud  be  dire&ed  5 for  when  the-Flame,  or  hot 
vapour,  is  permitted  to  rife  freely  by  the  vertical 
Tides  of  a boiler,  it  flides  over  its  furface  very 
rapidly,  and  there  being  no  obdacle  in  the  way  to 

break 
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break  the  Flame  into  eddies  and  whirlpools,  it  glides 
quietly  on  like  a dream  of  water  in  a fmooth  canal ; 
and  the  fame  hot  particles  of  this  vapour  which 
happen  to  be  in  immediate  contact  with  the  Tides  of 
the  boiler  at  its  bottom  or  lower  extremity,  being 
continually  prefied  againft  the  furface  of  the  boiler 
as  they  are  forced  upwards  by  the  rifmg  current, 
prevent  other  hot  particles  from  approaching  the 
boiler ; fo  that  by  far  the  greateft  part  of  the  heat 
in  the  Flame  and  hot  vapour  which  rife  from  the 
Fire,  inftead  of  entering  the  boiler,  goes  olf  into 
the  atmofphere  by  the  chimney,  and  is  totally  loft. 

The  amount  of  this  lofs  of  heat,  arifing  from 
the  faulty  conftrudfion  of  boilers  and  their  fire- 
places, may  be  eftimated  from  the  refults  of  the 
Experiments  recorded  in  the  following  Chapter. 
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CHAP.  V. 

An  Account  of  Experiments  made  with  Boilers  anf 
Fire-places  of  various  Forms  and  Dimenfions ; to- 
gether with  Remarks  and  Obfervations  on  their 
Refults,  and  on  the  Improvements  that  may  be  de- 
rived from  them . — An  Accouut  of  fome  Experi- 
ments made  on  a very  large  Scale  in  a Brew-houfe 
Boiler. — An  Account  of  a Brew-houfe  Boiler  con- 
Jlrucled  and  ftted  up  on  an  improved  Plan. — 
Refults  of  fever al  Experiments  that  were  made 
with  this  new  Boiler. — Of  the  Advantage  in  re- 
gard to  the  Economy  of  Fuel  in  boiling  Liquids, 
which  arifes  from  performing  that  Procefs  on  a 
large  Scale. — Thefe  Advantages  are  limited. — ■ 
An  Account  of  an  Alteration  that  was  made  in 
the  new  Brew-houfe  Boiler , with  a view  to  the 
saving  of  Time  in  cauftng  its  Contents  to  boil. 

* — Experiments  foowing  the  Effeds  produced  by 
thefe  Alterations. — An  EJlimate  of  the  relative 
Quantities  of  Heat  producible  from  Coaks. — 
Pit-coal — Charcoal,  and  Oak. — A Me- 
thod of  eflimating  the  Quantity  of  Pit-coal  which 
would  be  neceffary  to  perform  any  of  the  Proceffes 
mentioned  in  this  Ejfay , in  which  Wood  was  ufed 
as  Fuel. — An  EJlimate  of  the  total  Quanti- 
ties of  Heat  producible  in  the  Combujlion  of  dif- 
ferent Kinds  of  Fuel ; and  of  the  real  Quantities  of 
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Heat  which  are  left,  under  various  Circumfiances , 

in  culinary  Procejfes. 

\KJ hat  has  been  faicl  in  the  foregoing  Chapter 
’ will,  I trull,  be  fufficient  to  give  my  reader 
. a clear  and  diftindt  idea  of  the  fubjedt  under  con- 
fideration,  in  all  its  various  details  and  connec- 
tions, and  enable  him  to  comprehend,  without 
the  fmalleft  difficulty,  every  thing  I have  to  add 
on  this  fubjedl;  and  particularly  to  difeover  the 
different  objedls  I had  in  view  in  the  Experiments 
of  which  I am  now  about  to  give  an  account,  and 
to  judge  with  facility  and  certainty  of  the  conclu- 
sions I have  drawn  from  their  refults. 

Thefe  Experiments,  though  they  occupy  fo  many 
pages  in  this  Effay,  are  but  a fmall  part  of  thofe  I 
have  made,  and  caufed  to  be  made  under  my  di- 
redlion,  on  the  fubjedl  of  Heat,  during  the  laffc 
feven  years.  Were  I to  publifh  them  all,  with  all 
their  details,  as  they  are  recorded  in  the  regift er  that 
has  been  kept  of  them,  they  would  fill  feveral 
volumes. 

It  was  mod  fortunate  for  me  that  this  regifter  is 
very  voluminous  ; for  had  it  not  been  fo,  1 fhould 
in  all  probability  have  taken  it  with  me  to  England 
laft  year,  and  in  that  cafe  I fhould  have  loft  it, 
with  the  reft  of  my  papers,  in  the  trunk  of  which 
I was  robbed  in  paffing  through  St.  Paul’s  Church- 
yard, on  my  arrival  in  London  after  an  ab fence  of 
eleven  years*. 

* I have  many  reafons  to  think  that  thefe  papers  are  (till  in  being  ; — 
what  an  everlalling  obligation  fhould  I be  under  to  the  perfon  who 
would  caufe  them  to  be  returned  to  me  ! 
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As  I forefaw,  when  I firft  began  my  inquiries 
refpe£ting  Heat,  that  I Ihould  have  occafion  to 
make  many  Experiments  on  boiling  Liquids,  to 
facilitate  the  regiftering  of  them  I formed  a Table, 
(which  I had  printed,)  in -which,  under  various 
heads,  every  circumftance  relative  to  any  common 
Experiment  of  the  kind  in  queftion  could  be  en- 
tered with  much  regularity,  and  with  little  trouble. 

As  this  Table  may  be  ufeful  to  others  who  may 
be  engaged  in  fimilar  purfuits,  and  as  the  publifh- 
ing  of  it  will  alfo  tend  to  give  my  reader  a more 
perfect  idea  of  the  manner  in  which  my  Experi- 
ments were  conducted,  I fliall  (as  an  example)  give 
an  account  of  one  Experiment,  in  the  fame  form  in 
which  it  was  regiftered  in  one  of  thefe  printed 
Tables. 

Thefe  Tables,  as  they  are  printed  for  ufe,  (on  de- 
tached fleets,)  occupy  one  fide  of  half  a fheet  of 
common  folio  writing-paper. 
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Every  thing  in  this  Table,  except  fuch  figures 
and  words  as  are  printed  between  crotchets,  is  con- 
tained in  the  printed  forms  : Hence  it  is  evident 
how  much  thefe  Tables  tend  to  diminilh  the  trouble 
of  regiftering  the  refults  of  Experiments  of  this 
kind,  and  alfo  to  prevent  miftakes. 

The  example  I have  here  given  is  an  account  of 
an  Experiment,  in  which  a very  large  quantity  of 
water,  equal  to  15,590^.  Avoirdupois  in  weight, 
or  1866  wine  gallons  of  231  cubic  inches  each  ; but 
it  is  evident  that  thefe  Tables  anfwer  equally  well 
for  the  fmall  quantity  contained  by  the  finallelt 
faucepan. 

The  height  of  the  barometer  is  expreffed  in  Paris 
inches ; that  of  the  thermometer  in  degrees  of 
Fahrenheit’s  feale. — The  other  meafures,  as  well 
of  length  as  of  capacity,  are  the  common  meafures 
of  the  country  (Bavaria)  ; and  the  weight  is  ex- 
prefled  in  Bavarian  pounds,  of  which  100  make 
1 23.84  lbs.  Avoirdupois. 

What  is  entered  under  the  head  of  General 
Results  of  the  Experiment,  requires  no  ex- 
planation ; but  what  I have  called  the  Precise 
Result  mull  be  explained. 

Having  frequent  occafion  to  compare  the  refults 
of  Experiments  made  at  different  times,  and  in  dif- 
ferent feafons  of  the  year,  as  the  temperature  of  the 
water  in  the  Boiler  when  the  fire  is  lighted  under  it 
is  feldoin  the  fame  in  any  two  Experiments,  and  as 
the  boiling  heat  varies  with  the  variations  of  the 
preffure  of  the  atmofphere,  or  of  the  height  of  the 
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mercury  in  the  barometer,  it  became  neceffary  to 
make  proper  allowances  for  thefe  differences.  This 
I thought  could  belt  be  done  by  determining,  by 
computation,  from  the  number  of  degrees  the 
water  was  actually  heated , and  the  quantity  of  Fuel 
confumed  in  heating  it  that  number  of  degrees, 
how  much  Fuel  would  have  been  required  to  have 
heated  it  180  degrees,  or  from  the  point  of  freezing 
to  that  of  boiling  water  (the  boiling  point  being 
taken  equal  to  the  temperature  indicated  by  21 2° 
of  Fahrenheit’s  thermometer,  which  is  the  boiling 
point  under  the  mean  preffure  of  the  atmofphere 
at  the  furface  of  the  fea)  : Then,  by  dividing  the 
weight  of  the  water  ufed  in  the  Experiment,  (ex- 
preffed  in  pounds,)  by  the  weight  of  the  Fuel  ex- 
preffed  in  pounds  neceffary  to  heat  it  180  degrees, 
or  from  the  temperature  of  freezing  to  that  of 
boiling  water  ; this  gives  the  number  of  pounds  of 
ice-cold  water  which  (according  to  the  refult  of  the 
given  Experiment)  might  have  been  made  to  boil, — 
with  the  heat  generated  in  the  combuftion  of  1 lbi 
of  the  Fuel,  under  the  mean  preffure  of  the 
atmofphere  at  the  level  of  the  furface  of  the  fea. 

The  city  of  Munich,  whqre  all  the  Experiments 
were  made  of  which  I am  about  to  give  an  account, 
being  fituated  almofl  in  the  centre  of  Germany, 
lies  very  high  above  the  level  of  the  fea.  The 
mean  height  of  the  mercury  in  the  barometer  is 
only  about  28  Englifh  inches,  confequently  water 
boils  at  Munich  at  a lower  temperature  than  at 
London.  The  difference  is  even  too  confiderable 
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to  be  negleCted,  it  amounts  to  2f  degrees  of  Fah- 
renheit’s fcale, — being  209^  degrees  at  a medium 
at  Munich,  and  212  degrees  in  all  places  fituated 
near  the  level  of  the  fea.  To  render  the  relults  of 
my  experiments  and  computations  more  fimple  and 
more  generally  ufeful,  I fhall  always  make  due 
allowance  for  this  difference. 

Having,  from  the  aCtual  refult  of  each  Experi- 
ment, made  a computation  on  the  principles  here 
defcribed,  fhowing  what  (for  the  want  of  a better 
expreffion)  I have  called  the  Precife  Refult  of  the 
Experiment,  it  is  evident  that  thefe  computations 
fhow  very  accurately  the  comparative  merit  of  the 
mechanical  -arrangements,  and  management  of 
the  Fire  in  conducting  the  Experiments,  in  as  far 
as  relates  to  the  Economy  of  Fuel ; for  the  more 
ice-cold  water  that  can  be  made  to  bcil  with  the 
heat  generated  in  the  combuftion  of  any  given 
quantity  (1  lb.  for  inftance)  of  Fuel,  the  more 
perfeCt  of  courfe  (other  things  being  equal)  muff 
be  the  conftruCtion  of  the  fire-place. 

Under  the  head  of  Precise  Result  I have 
fometimes  added  another  computation,  fhowing 
how  much  “ boiling-hot  water”  might,  according  to 
the  refult  of  the  given  Experiment,  be  kept  boiling 
“ one  hour”  with  the  heat  generated  in  the  combuf- 
tion of  “ 1 lb.  of  the  Fuel.”  Though  I have  called 
this  a Precife  Refult , it  is  evident  that  in  mofl  cafes 
it  cannot  be  confidered  as  being  very  exaCt,  owing 
to  the  difficulty  of  efiimating  the  quantity  of  Fuel 
in  the  fire-place,  which  is  unconfumed  at  the  moment 
when  the  water  begins  to  boil. 
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In  the  foregoing  example  in  making  this  com* 
putation  I fuppofed  that,  when  the  water  began  to 
boil,  there  was  wood  enough  in  the  fire-place  un- 
confumed  to  keep  the  water  boiling  4^  minutes, 
and  that  the  wood  added  afterwards  (100  lb.)  kept 
the  water  boiling  the  remainder  of  the  time  it  boiled, 
or  juft  1 hours. 

In  moft  cafes,  however,  to  fave  trouble  in  mak- 
ing thefe  computations,  I have  fuppofed  that  all 
the  wood  employed  in  making  the  water  boil  is  en- 
tirely confumed  in  that  procefs,  and  that  all  the 
heat  expended  in  keeping  the  water  boiling  is  fur- 
niftied  by  the  Fuel  which  is  added  after  the  water 
had  begun  to  boil.  This  fuppofition  is  evidently 
erroneous ; but  as  the  computation  in  queftion  can 
at  belt  give  but  an  inaccurate  and  doubtful  refult, 
labour  beftowed  on  it  would  be  thrown  away  : 
But  imperfedl  as . thefe  rough  eftimates  are,  they 
will  however  in  many  cafes  be  found  ufeful. 

In  giving  an  account  of  the  following  Experi- 
ments, I fhall  not  place  them  exactly  in  the  order  in 
which  they  were  made,  but  fhall  arrange  them  in 
fuch  a manner  as  I fhall  think  beft,  in  order  that 
the  information  derived  from  their  refults  may 
appear  in  a clear  point  of  view. 

For  greater  convenience  in  referring  to  them, 
I fhall  number  them  all ; and  as  I have  already 
given  numbers  to  the  four  I mentioned  in  the  Firft 
Chapter  of  this  Eflay,  I fhall  proceed  in  regular 
fucceflion  with  the  reft. 
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Experiment , No.  5. 

The  firft  kitchen  of  the  Houfe  of  Induftry  at 
Munich  has  already  been  defcribed  in  the  Firft 
Chapter  of  this  Eflay  ; and  it  was  there  mentioned, 
that  the  daily  expence  of  Fuel  in  that  kitchen, 
when  food  (peas-foup)  was  prepared  for  1000  per- 
fons,  amounted  to  300  lb.  in  weight  of  dry  beech- 
wood.  Now  as  each  portion  of  foup  confifted  of 
1 lb.,  this  gives  0.3  of  a pound  of  wood  for  ea$h 
pound  of  foup. 


Experiment , No.  6. 

The  firft  kitchen  of  the  Houfe  of  Induftry  hav- 
ing been  pulled  down,  it  was  afterwards  rebuilt  on 
a different  principle.  Inftead  of  Copper  Boilers, 
Iron  Boilers  of  a hemifpherical  form  were  now 
ufed,  and  each  of  thefe  Boilers  had  its  own  feparate 
clofed  fire-place.  The  Boiler  being  fufpended  by 
its  rim  in  the  brick-work,  and  room  being  left  for 
the  flame  to  play  all  round  it.  The  fiuoke  went 
oft  into  the  chimney  by  an  horizontal  canal,  5 
inches  wide  and  5 inches  high,  which  was  con- 
cealed in  the  mafs  of  brickwork,  and  which  opened 
into  the  fire-place  on  the  fide  oppofite  to  the  open- 
ing by  which  the  fuel  was  introduced. 

The  fire  was  made  on  a flat  iron  grate  placed 
dire&ly  under  the  Boiler,  and  diflant  from  its  bot- 
tom about  twelve  inches.  The  afh-pit  door  wasfur- 
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nifhed  with  a regilter  ; but  there  was  no  damper 
to  the  canal  by  which  the  fmoke  went  off  into  the 
chimney,  which  was  a very  great  defect.  The 
opening  into  the  fire-place  was  clofed  by  an  iron 
door.  Each  of  thefe  Iron  Boilers  weighed  about 
348  lbs.  Avoirdupois,  was  25^  Englilh  inches  in 
diameter,  and  14.935  inches  deep,  and  contained 
igo~  lbs.  Bavarian  weight  of  water,  equal  to 
235.91  lbs.  Avoirdupois,  or  about  28^  Englifh 
wine-gallons. 

• From  this  account  of  the  manner  in  which  thefe 
Iron  Boilers  were  fitted  up,  it  is  evident  that  the 
arrangement  was  not  effentially  different  from  that 
of  kitchens  for  hofpitals,  as  they  are  commonly 
conftru&ed. 

From  Experiments  made  with  care,  and  often  re- 
peated, I found  that  to  prepare  89  portions  (or 
89  lbs.  Bavarian  weight)  of  peas-foup  in  one  of 
thefe  Boilers,  43  lbs.  of  dry  beech-wood  were  re- 
quired as  Fuel,  and  that  the  procefs  lafied  four 
hours  and  an  half:  This  gives  0.483  of  a pound 
of  wood  for  each  pound  of  the  foup. 

In  the  firft  arrangement  of  this  kitchen,  only 
0.3  of  a pound  of  wood  was  required  to  prepare 
1 lb.  of  foup  : Hence  it  appears  that  the  kitchen 
had  not  been  improved, — confidered  with  a view 
to  the  Economy  of  Fuel, — by  the  alterations  which 
had  been  made  in  it.  This  was  what  I expected ; 
for  the  objedt  I had  in  view  in  conltrudting  this 
kitchen  was  not  to  fave  Fuel,  but  to  find  out 
how  much  of  it  is  waited  in  culinary  procelfes,  as 

they 
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they  are  commonly  performed  on  a large  fcale  in 
hofpitals  and  other  inftitutions  of  public  charity. — 
Till  I knew  this,  it  was  not  in  my  power  to  eftimate, 
with  any  degree  of  precifion,  the  advantages  of  any 
improvements  I might  introduce  in  the  conltrudtion 
of  kitchen  fire-places. 

To  determine  in  how  far  the  quantity  of  Fuel 
neceflary  in  any  given  culinary  procefs  depends  on? 
the  form  of  the  fire-place , (the  Boiler  and  every 
other  circumftance  remaining  the  fame,)  I made 
the  following  Experiments, 


Experiments , No.  7 and  No.  8. 

Two  of  the  Iron  Boilers  in  the  kitchen  of  the 
Houfe  of  Induftry  (which,  as  they  were  both  call: 
from  the  fame  model,  were  as  near  alike  as  poflible) 
being  chofen  for  this  Experiment,  one  of  them 
(No  8.)  being  taken  out  of  the  brick- work,  its 
fire-place  was  altered  and  fitted  up  anew  on  im- 
proved principles.  The  grate  was  made  circular 
and  concave,  and  its  diameter  was  reduced  to  12 
inches  ; the  fire-place  was  made  cylindrical  above 
the  grate,  and  only  1 2 inches  in  diameter  ; and 
the  Boiler  being  feated  on  the  top  of  the  wall  of 
this  cylindrical  fire-place,  the  flame  pafling  through 
a fmall  opening  on  one  fide  of  the  fire-place,  at  the 
top  of  it,  made  one  complete  turn  about  the  Boiler 
before  it  was  permitted  to  go  off  into  the  canal  by 
which  the  finoke  paired  off  into  the  chimney. 
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Though  there  was  no  damper  in  this  canal* 
yet  as  its  entrance  or  opening,  where  it  joined  the 
canal  which  went  round  the  Boiler,  was  confider- 
ably  reduced  in  fize,  this  anfwered  (though  im- 
perfectly) the  purpofe  of  a damper.-  This  fire- 
place being  completed,  and  a fmall  Fire  having 
been  kept  up  in  it  for  feveral  days  to  dry  the  ma- 
fonry,  the  Experiment  was  made  by  preparing  the 
fame  quantity  of  the  fame  kind  of  foup  in  this,  and 
in  a neighbouring  boiler  whofe  fire-place  had  not 
been  altered. 

The  food  cooked  in  each  was  8 9 lbs.  of  Peas-foup  ; 
and  the  Experiment  was  begun  and  finifhed  in  both 
Boilers  at  the  fame  time. 

The  wood  employed  as  Fuel  was  pine  ; and  it 
had  been  thoroughly  dried  in  an  oven  the  day  be- 
fore it  was  ufed. 

The  boilers  were  both  kept  conftantly  covered 
with  their  double  covers,  except  only  when  the 
Soup  was  flirred  about  to  prevent  its  burning  to 
the  bottoms  of  the  Boilers. 

The  refult  of  this  interefting  Experiment  was  as 
follows  : 


Experiment 
No.  7. 


In  the  Boiler 
No.  j. 


37  l*35. 


Experiment 
No.  8. 

In  the  Boiler 
No.  S, 

with  the  im- 
proved Fire- 
place. 


Quantity  of  wood  confumed  in  cook- 
ing 89  lbs.  Bavarian  weight  of 
Peas-foup  - - 


14  lbs. 

Thefe 
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Thefe  Experiments  were  made  on  the  7th  of 
November  1794.  On  repeating  them  the  next  day 
with  pine-wood,  which  had  not  been  previoufly 
dried  in  an  oven,  the  refult  was  as  follows : 


Experiments , No.  9 and  No.  1 o. 


Quantity  of  wood  confumed  in  cook- 
ing 89  lbs.  of  Peas-foup  - - - 


Experiment 

Experiment 

No.  9. 

No.  10. 

In  the  Boiler. 

In  the  Boiler 

No.  8. 

No.  1. 

with  the  im  - 

proved  Fire- 

place. 

39  lbs* 

16  lbs. 

The  firffc  remark  I fhall  make  on  the  refults  of 
thefe  Experiments  is  the  proof  they  afford,  by  com- 
paring them  with  that  which  preceded  them 
(No.  6.),  of  the  important  fact,  that  pine-wood  af- 
fords more  heat  in  its  combuftion  than  beech.  This 
fa£t  is  the  more  extraordinary,  as  it  is  dire&ly  con- 
trary to  the  opinion  generally  entertained  on  that 
fubject ; and  it  is  the  more  important,  as  the  price 
of  pine-wood  is,  in  mofl  places,  only  about  half  as 
high  as  that  of  beech,  when  the  quantities,  ejlimated 
by  weighty  are  equal. 

In  the  Experiment  No.  6.  it  was  found,  that 
,43  lbs.  of  dry  beech-wood  were  neceffary,  when  ufed 
as  Fuel,  to  prepare  89  lbs.  of  Pgas-foup.  In  the 
Experiment  No.  7.  the  fame  procefs  was  per- 
formed with  37  lbs.  and  in  the  Experiment  No.  g° 
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with  39  lbs.  of  dry  pine.  But  I {hall  have  occafion 
to  treat  this  fubjed  more  at  length  in  another  place. 
In  the  mean  time  I would,  however,  juft  obferve, 
that  all  my  Experiments  have  uniformly  tended  to 
confirm  the  fact,  that  dry  pine-wood  affords  more 
heat  in  combuftion  than  dry  beech.  I have  reafon 
to  think  the  difference  is  in  fadt  greater  than  the 
Experiments  before  us  indicate  ; but  the  apparent 
amount  of  it  will  always  depend  in  a great  meafure 
on  the  circumftances  under  which  the  Fuel  is  con- 
fumed  ; or,  in  other  words,  on  the  conftrudlion  of 
the  fire-place  ; and  it  is  no  fmall  advantage  attend- 
ing the  fire-places  I fliall  recommend,  that  they  are 
fo  contrived  as  to  increafe,  as  much  as  it  is  poflible, 
the  fuperiority  of  the  mofl  common  and  cheapeft 
fire-wood  over  that  which  is  more  fcarce  and 
coftly . 

By  comparing  the  refults  of  thefe  two.  fets  of  Ex- 
periments (No.  7 and  No.  8,  No.  9 and  No.  10.) 
an  eftimate  may  be  made  of  the  advantage  of  uftng 
very  dry  wood  for  Fuel,  inftead  of  making  ufe.of 
Wood  that  has  been  lefs  thoroughly  dried  ; but  as  I 
mean  to  take  an  opportunity  of  inveffigating  that 
matter  alfo  more  carefully  hereafter,  I fhall  not  at 
prefent  enlarge  on  it  farther  than  juft  to  obferve, 
that  as  the  wood,  which  was  dried  in  an  oven,  was 
weighed  for  ufe  after  it  had  been  dried,  and  as  it 
certainly  weighed  more  before  it  was  put  into  the 
oven,  the  real  faving  arifing  from  ufing  it  in  this 
dried  ftate  is  not  fo  great  as  the  difference  in  the 
weights  of  the  quantities  of  wood  ufed  in  the  two 

Expe- 
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Experiments.  To  eftimate  that  faving  with  preci- 
fion,  the  wood  Ihould  be  weighed  before  it  is  dried, 
or  in  the  fame  (fate  in  which  the  other  parcel  of 
wood,  which  is  ufed  without  being  dried,  is 
weighed. 

But  to  proceed  to  the  principal  objedt  I had  in 
view  in  thefe  Experiments ; — the  determination  of 
the  effects  of  the  difference  in  the  conflrudlion  of 
the  two  fire-places ; — the  difference  in  the  quantity 
of  Fuel  expended  in  the  two  fire-places  in  per- 
forming the  fame  procefs,  {hows,  in  a manner 
which  does  not  {land  in  need  of  any  illuflration, 
how  much  had  been  gained  by  the  improvements 
which  had  been  introduced. 

Conceiving  it  to  be  an  objedt  of  great  import- 
ance to  ascertain  by  actual  experiment,  and  with  as 
much  precifion  as  poflible,  the  real  amount  of  the 
advantages,  in  regard  to  the  Economy  of  Fuel,  that 
may  be  derived  from  improvements  in  the  forms  of 
fire-places,  I did  not  content  myfelf  with  improv- 
ing from  time  to  time  the  kitchens  I had  con- 
ftrudted,  but  I took  pains  to  determine  how  much 
I had  • gained  by  each  alteration  that  was  made. 
This  -was  neceffary,  not  only  to  furnifh  myfelf 
with  more  forcible  arguments  to  induce  others  to. 
adopt  my  improvements,  but  alfo  to  fatisfy  myfelf 
with  regard  to  the  progrefs  I made  in  my  invefti- 
gations. 

In  the  firft  arrangement  of  the  kitchen  of  the 
Military  Academy,  the  Boilers  were  fufpended  by 
their  rims  in  the  brick-work  in  fuch  a manner  that 
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the  flame  could  pals  freely  all  round  them,  and  the 
fmoke  went  oft  in  horizontal  canals  which  led  to 
the  chimney,  but  which  were  not  furnifhed  with 
dampers. 

The  Fire  was  made  on  a flat  fquare  iron-grate  ; 
and  the  internal  diameter  of  the  fire-place  was  i or 
3 inches  larger  than  the  diameter  of  the  Boiler 
which  belonged  to  it.  The  bottom  of  the  Boiler 
was  from  6 to  io,  or  12  inches  (according  to  its 
fize)  above  the  level  of  the  grate ; and  the  door  of 
the  opening  into  the  fire-place,  by  which  the  Fuel 
was  introduced,  was  kept  conftantly  clofed.  The 
afh-pit  door  was  furnifhed  with  a regifter,  and  the 
Boilers  were  all  furnifhed  with  double  covers. 

Having,  in  confequence  of  the  progrefs  I had 
made  in  my  inquiries  refpefting  the  management  of 
Heat  and  the  Economy  of  Fuel,  come  to  a refolu- 
tion  to  pull  down  this  kitchen,  and  rebuild  it  on  an 
improved  principle  ; previous  to  its  being  demo- 
li (lied,  I made  feveral  very  accurate  Experiments  to 
determine  the  real  expence  of  Fuel  in  the  fire- 
places as  they  then  exifted , with  all  their  faults  ; and 
when  the  new  arrangement  of  the  kitchen  was 
completed,  I repeated  thefe  Experiments  with  the 
fame  boilers  ; and  by  comparing  the  refults  of  thefe 
two  fets  of  Experiments,  I was  able  to  eftimate 
with  great  precifion  the  real  amount  of  the  faving 
of  time  as  well  as  of  Fuel, — which  were  derived 
from  the  improvements  I had  introduced. 

After  all  that  has  been  faid  (and  perhaps  already 
too  often  repeated  in  different  parts  of  this  Eflay) 

on 
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on  the  conftruftion  of  fire-places,  my  reader  will 
be  able  to  form  a clear  and  juft  idea  of  the  conftruc- 
rion  of  thofe  of  which  I am  now  fpeaking,  (thofe  of 
the  kitchen  of  the  Military  Academy,  in  its  prefent 
improved  ftate,)  when  he  is  told  that  the  Fire 
burns  on  a circular  concave  iron  grate,  about  half 
the  diameter  of  the  circular  Boiler  which  belongs  to 
the  fire-place  ; — that  the  fire-place,  properly  fo  call- 
ed, is  a cylindrical  cavity  in  the  folid  brick-work 
which  fupports  the  Boiler,  equal  in  diameter  to  the 
circular  grate,  and  from  fix  to  ten  inches  high, 
more  or  lefs  according  to  the  fize  of  the  Boiler  ; 
— that  the  Boiler  is  fet  down  on  the  top  of  the  cir- 
cular wall  which  forms  this  fire-place,  a fmall  open- 
ing, from  three  to  four  or  five  inches  in  length 
taken  horizontally,  and  about  two  or  three  inches 
high,  being  left  on  one  fide  of  this  wall  at  the  top 
of  it,  in  order  that  the  flame  which  burns  up  under 
the  middle  of  the  bottom  of  the  Boiler  may  after- 
wards pafs  round  (in  a fpiral  canal  conftru&ed  for 
that  purpofe)  under  that  part  of  the  bottom  of  the 
Boiler  which  lies  without  the  top  of  the  wall  of  the 
fire-place  on  which  the  Boiler  repofes.  The  flame 
having  made  one  complete  turn  under  the  Boiler  in 
this  fpiral  canal,  it  riles  upwards,  and  going  once 
round  the  fdes  of  the  Boiler , goes  off  by  an  hori- 
zontal canal,  furnifhed  with  a damper,  into  the 
chimney. 

In  order  that  the  top  of  the  circular  wall  of  the 
fire-place  on  which  the  Boiler  is  feated,  may  not 
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cover  too  much  of  the  bottom  of  the  Boiler,  ife 
thicknefs  is  fuddenly  reduced  in  that  part  (that  is 
to  fay  juft  where  it  touches  the  Boiler)  to  about 
half  an  inch. 

The  opening  by  which  the  Fuel  is  introduced 
into  the  fire-place,  is  a conical  hole  in  a piece  of 
fire-ftone,  which  hole  is  clofed  by  a fit  ftopper  made 
of  the  fame  kind  of  ftone.  The  afh-pit  door  and 
its  regift er  are  finiftied  with  fo  much  nicety,  that 
when  they  are  quite  clofed  the  Fire  almoft  inftan- 
taneoufly  goes  out. 

The  dimenfions  of  the  Boiler,  in  which  the  Ex- 
periments of  which  I am  about  to  give  an  account 
were  made,  are  as  follows  : 


above 

below 


Diameter 
Depth  - 


Inches  Englilh  meafure. 


It  weighs  37  lbs.  Avoirdupois  ; and  it  contains, 
when  quite  full,  about  73  lbs.  Avoirdupois,  equal 
to  8 1 gallons  (wine  meafure)  of  water. 

In  two  Experiments  with  this  Boiler,  which  were 
both  made  by  myfelf,  and  in  which  attention  was 
paid  to  every  circumftance  that  could  tend  to  ren- 
der them  perfedft,  the  refults  were  as  follows : 
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Experiment 

Experiment 

No.  it. 

No.  12. 

The  firft 

The  improved 

Fire-place. 

Fire-place. 

Quantity  of  Water  in  the  Boiler, 
in  Bavarian  pounds  - - - - 

4:5.62  lbs. 

4 ■5. 61  lbs. 

Temperature  of  the  water  in  the 
Boiler  at  the  beginning  of  the 
Experiment  - - - - - 

59° 

6o° 

Time  employed  in  making  the 
water  boil  ------ 

67  min. 

30  min. 

Wood  confirmed  in  making  the 
water  boil,  in  Bavarian  pounds  - 

q lbs. 

3 lbs. 

Time  the  water  continued  boil- 

ing 

2 hrs.  2 min. 

3 hours 

2-J-  lbs. 

Wood  added  to  keep  the  water 
boiling  ------- 

5 lbs.  / 
Pine 

Kind  of  wood  ufed  - - - 

Pine 

Precife  Pefults. 

Ice-cold  water  heated' 1 So  degrees, 
or  made  to  boil,  with  1 lb.  of 
wood  ------- 

4.02lbs. 

1 1.93  lbs. 

Boiling-hot  water  kept  boiling 
I hour,  with  i lb.  of  wood 

iy.74lbs. 

52.36  lbs. 

The 
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The  following  Experiments  were  made  with  two 
Copper  Boilers,  (No.  i and  No.  2.)  nearly  of  the 
fame  diinenfions,  in  the  kitchen  of  the  Military 
Academy  at  Munich,  in  the  prefent  improved  (late 
of  that  kitchen.  Thefe  Boilers  are  round  and  deep, 
and  weigh  each  about  62  lbs.  Avoirdupois.  They 
belonged  originally  to  the  kitchen  of  the  Houfe  of 
Induftry,  being  two  of  the  eight  Boilers  which,  in 
the  firft  arrangement  of  that  kitchen,  were  heated 
by  the  fame  Fire. 

Their  exaft  dimenftons,  meafured  in  Englifh 
inches,  are  as  follows : 


Diameter 

J)epth 


The  Boiler 

The  Boiler 

No.  1. 

No.  2. 

Inches. 

Inches.  . 

C above  — 

22.66 

2 2.66 

l below  — 

19. 82 

20.85 

— — 

2 W2 

22.04 

At  the  beginning  of  each  of  the  following  Ex- 
periments, each  of  thefe  Boilers  contained  juft  95 
meafures  (or  Bavarian  maaffe)  of  water,  weighing 
1 87  lbs.  Bavarian  weight,  (equal  to  232.58^3, 
Avoirdupois,)  or  a trifle  leis  than  28  gallons. 

The  grate  on  which  the  Fire  was  made  under 
each  of  thefe  Boilers  is  circular  and  concave,  and 
1 1 inches  in  diameter ; and  their  fire-places  are  in 
all  refpedts  fimilar  to  that  juft  deferibed.  (Experi- 
ment No.  11.)  Both  Boilers  are  furnifhed  with 
double  covers. 


The 


I 

and  thd  Economy  of  Fuel.  95 

The  Experiments  made  with  the  Boiler  No.  1. 
and  their  refults,  were  as  follows : 

j 


Experiment 

no- 13- 

Experiment 
No.  14.. 

Experiment 
No.  1 5. 

Experiment 
No.  16. 

Quantity  of  water  in 
tne  Boiler  in  the 

b-ginning  of  the 

lbs. 

lbs. 

lbs. 

lbs. 

Experiment  - - 

Temperature  of  the 
water  in  the  Boiler 
at  the  beginning  of 

187 

187 

I87 

187 

the  Experiment 
Time  employed  in 

6i° 

59° 

64° 

5Sf 

making  the  water 

min. 

min. 

pun. 

min. 

boil  - - 

Wood  confirmed  in 

78 

61 

61 

62 

making  the  water 

lbs. 

lbs. 

lbs. 

lbs. 

boil  - . . . 

12 

1 I 

9 

8 

Time  the  water  con- 

min. 

min. 

min. 

h.  min. 

tinued  to  boil  - - 

QuantityofFuel  add- 
ed to  keep  it  boil- 

*7 

28 

6 

2 19 

lbs. 

ing  this  time  - - 

Kind  of  wood  ufed  as 

— 

— 

— • 

4 

Fuel  - - - - 

Precife  Refults  of  the 
Experiments. 
Ice-cold  water  heated 
1800,  or  made  to 
boil,  with  the  heat 
generated  in  the 

Beech 

Beech 

Pine 

Pine 

combuftion  of  I lb. 

lbs. 

lbs. 

lbs. 

lbs. 

of  the  Fuel 

Boiling  water  kept 
boiling  one  hour, 
with  the  heat  ge- 
nerated in  the  com- 
buftion of  1 lb.  of 

12.89 

I4*,S 

16.89 

20' 

lbs. 

She  wood  - 

I08.40 

All 
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All  the  foregoing  Experiments  were  made  on 
the  fame  day,  (the  13th  of  October  1794,)  and  in 
the  fame  order  in  which  they  are  numbered. 

The  following  are  the  refults  of  the  Experiments 
made  with  the  Boiler  No.  2. 


Fxperim. 

Experim. 

Experim. 

Experim. 

Experim 

No.  17 

No.  iS. 

No.  19. 

No.  20. 

No  21. 

Quantity  of  water  in  the 
.Boiler  at  ihe  beginning 
of  the  Experiment,  in 

lbs. 

lbs. 

Ibs. 

Jbs. 

lbs. 

Bavarian  founds  — 

Temperature  of  the  wa- 

1S7 

187 

187 

•JS7 

18; 

ter  in  the  Boiler  at  the 
beginning  of  the  Ex- 
periment — — 

61° 

Oi 

00 

0 

6o° 

5 5° 

2120 

Time  employed  in  male- 

min. 

min. 

min. 

min. 

ing  the  water  boil  — 

75 

55 

57 

60 

— 

Wood  confumed  in  mak- 

lbs. 

lbs. 

'.lbs. 

lbs. 

ing  the  water  boil  — 

I I 

I I 

9 

8 

— 

Time  the  water  conti- 

min. 

min. 

min. 

h.  min. 

h min. 

nued  to  boil  — — 

21 

17 

8 

2 29 

I IO 

Wood  added  to  keep  the 

lb.  . 

lbs. 

lbs. 

water  boiling  — — 

I 

— 

— 

3t 

Kind  of  wood  ufed  — 

Beech 

Beech 

Pine 

Pine 

Beech 

Precife  Refults. 
Ice-cold  water  heated 

iSo°,  or  made  to  boil, 

lbs. 

lbs. 

lbs. 

lbs. 

with  1 lb.  of  wood  — 

13.92 

14.33 

>7-59 

20.10 

— 

Boiling-hot  water  kept 

boiling  one  hour  with 

lbs. 

lbs. 

j lb.  of  wood  — — 

— 

— 

— 

132.68  1 

1 45*44 

t 


This-  fet  of  Experiments  was  made  at  the  fame 
time  with  the  foregoing  fet,  namely,  on  the  13  th 
October  1794,  and  they  were  made  in  the  order  in 
which  they  are  here  regiftered.  In  the  lad  but 
one,  (No.  20.)  the  Economy  of  Fuel  in  the  procefs 
of  heating  water  was  carried  farther  than  in  any 
other  Experiment  I have  ever  made. 


In 
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In  the  following  Experiments,  which  were  made 
in  a large  Copper  Boiler  fitted  up  on  my  mod  im- 
proved principles,  belonging  to  the  kitchen  of  the 
Houfe  of  Induftry,  the  Economy  of  Fuel  was  car- 
ried nearly  as  far. 

This  Boiler,  which  is  circular,  is  42!  Englifh 
inches  in  diameter  above;  42.17  inches  in  dia- 
meter below  ; and  18.54  inches  deep.'  It  weighs 
785  lbs.  Avoirdupois;  and  contains,  when  quite 
full,  7 14  lbs . Bavarian  weight  ( — 884  lbs.  Avoir- 
dupois, or  106  gallons)  of  water,  at  the  tempera- 
ture of  550. 

It  is  furrounded  above  by  a wooden  ring  about 
two  inches  in  thicknefs,  into  which  it  is  fitted  ; and 
in  this  ring,  in  a groove  about  J of  an  inch  deep, 
is  fitted  a circular  wooden  flat  cover  ; this  cover 
is  formed  in  three  pieces,  united  by  iron  hinges  ; 
and  one  of  thefe  pieces  being  faflened  down  by 
hooks  to  the  Boiler,  the  other  two  are  fo  contrived 
as  to  be  folded  back  upon  it  occafionally.  From 
the  upper  furface  of  the  part  of  the  cover  which  is 
faflened  down  on  the  Boiler,  a tin  tube  two  inches 
in  diameter,  furnifhed  with  a damper,  is  fixed,  by 
which  the  fleam  is  carried  off  into  a narrow  wooden 
tube,  which  condudts  it  through  an  opening  in  the 
roof  of  the  houfe  into  the  open  air. 

To  prevent  flill  more  effeflually  the  efcape  of 
the  Heat  through  the  wooden  cover  of  the  Boiler, 
the  upper  furface  of  it  is  protected  from  the  cold 
ati'nofphere  by  a thick  circular  blanket  covered  on 
both  fides  by  ftrong  canvas,  which  is  occafionally 
thrown  over  it. 

von.  11.  H Though 
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Though  the  diameter  of  this  Boiler  below  is 
more  than  40  inches,  the  diameter  of  its  fire-place 
(which  is  juft  under  its  centre)  is  only  1 1 inches  ; 
but  as  the  flame  makes  two  complete  turns  under 
the  bottom  of  the  Boiler  in  a fpiral  canal,  and  one 
turn  round  it,  the  time  required  to  heat  it  is  not  fo 
great  as,  from  the  fmallnefs  of  its  fire-place,  might 
have  been  expected. 

It  has  ever  been,  and  ftill  continues  to  be,  the 
decided  favourite  of  the  cook-maids. 

The  wood  tifed  as  Fuel  in  the  following  Experi- 
ment was  pine  moderately  dried.  The  billets  were  fix 
inches  long,  and  from  one  to  two  inches  in  diameter. 

The  following  Table  fhows  the  refults  of  five 
Experiments  that  were  made  with  this  Boiler  by 
myfelf,  juft  after  it  was  fitted  up  : 


Experim. 
No.  aa. 

Experim. 
No.  23. 

Experim. 
No.  24. 

Experim. 
No.  25. 

Experim. 
No.  26. 

Quantity  of  water  in  the 
Boiler,  in  Bavarian 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

pounds  — — — 

508 

127 

254 

50S 

5cS 

Temperatuie  of  the  wa- 

ter  at  the  beginning  of 
the  Experiment  — 

4 So 

480 

960 

4S0 

480 

Time  required  to  make 

h.  min. 

min. 

h min. 

h min. 

h.  min. 

the  water  boil  — — 

2 4 

51 

1 JS 

2 35 

3 1 

Fuel  employed  to  make 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

the  watdr  boil  — — 

8* 

*5 

24 

Time  the  water  conti- 
nued boiling  — — 

h. 

n 

3 

h. 

3 

Fuel  added  to  keep  the 
water  boiling  • — — 

lbs. 

6* 1 

— 

— 

lbs. 

Ai 

— 

Precisf  Results  cj 
the  Experiments. 
With  the  heat  generated 
in  the  combuflion  of 
1 lb.  of  the  F ucl, 

Ice-cold  wa'er  heated 

lbs. 

lbs. 

lbs. 

lbs. 

ibs. 

1S00,  or  made  to  boil 

i-.Sy 

1 5i-74 

12.69 

17.4S 

I9.CI 

Or  boilieg-hot  wafer 

kept  boding  one  hour 

236.61 

— 

— 

3j8.66  ' 

— 

• j . 

Without 
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Without  (lopping  to  make  any  obfervations  on 
the  refults  of  thefe  Experiments,  (though  they 
afford  matter  for  feveral  of  an  intefefting  nature,) 
I fhall  proceed  to  give  a brief  account  of  another 
fet  of  Experiments,  on  a much  larger  fcale,  which 
were  made  in  the  Copper  Boiler  of  a Brewery  be- 
longing to  the  Elector. 

This  Boiler,  which  is  rectangular,  is  ten  feet 
long,  eight  feet  wide,  and  four  feet  deep,  Bavarian 
me  afar e *,  and  contains  8176  Bavarian  maaffe , or 
meafures,  equal  to  1866  gallons  wine  hieafure. 
On  examining  this  Boiler,  I found  its  fire-place  was 
conftruCted  on  very  bad  principles ; and  on  in- 
quiring refpeCting  the  quantity  of  fire-wood  con- 
fumed  in  it,  I found  the  wafie  of  Fuel  to  be  very 
great. 

This  Brewery  is  ufed  for  making  final  1 white 
beer,  (as  from  its  pale  colour  it  is  called,)  from 
malt  made  of  wheat ; and  as  it  is  worked  all  the 
year  round,  the  expence  of  Fuel  was  very  great, 
and  the  economy  of  it  an  objeCt  of  confiderable 
importance. 

The  quantity  of  fire-wood  (pine)  that  had  at  an 
average  been  confumed  daily  in  this  Brewery  was 
rather  more  than  four  Bavarian  clafters , or  cords. 
On  altering  the  fire-place  of  this  Brewery,  and  put- 
tmg  a (wooden)  cover  to  the  Boiler,  I reduced  this 
expence  to  lefs  than  1 \ clafters. 

In  the  new  fire-place  which  I caufed  to  be  con- 
structed for  this  Boiler,  the  cavity  under  the  Boiler 

* >00  Bavarian  inches  are  equal  to  95^  inches  Englifh  meafure. 
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is  divided  into  three  flues,  by  thin  brick  walls  which 
run  in  the  direction  of  the  length  of  the  Boiler. 
The  middle  flue,  which  is  twice  as  wide  as  one  of 
the  fide  flues,  is  occupied  by  the  burning  Fuel,  and 
is  furnifhed  with  a grate  20  inches  wide,  and  36 
inches  long  ; and  the  opening  by  which  the  Fuel  is 
introduced  into  the  fire-place  is  dofed  by  two  iron 
doors,  placed  one  behind  the  other,  at  the  diflance 
of  eight  inches.  The  grate,  which  is  placed  at  the 
hither  end  of  the  fire-place,  is  horizontal,  and  it  is 
fituated  about  twenty  inches  below  the  bottom  of 
the  Boiler.  The  air  which  ferves  to  feed  the  Fire, 
is  let  in  under  the  grate  through  a regifter  in  the 
afli-pit  door. 

When  the  double  doors  which  clofe  the  en- 
trance into  the  fire-place  are  fhut,  the  flame  of  the 
burning  Fuel  firft  rifes  perpendicularly  againfl:  the 
bottom  of  the  Boiler ; it  then  pafles  along  to  the 
farther  end  of  the  (middle)  flue,  which  conflitutes 
the  fire-place,  where  it  feparates,  and  returns  in 
the  two  fide  flues ; it  then  rifes  up  into  two  hori- 
zontal flues  (one  fituated  over  the  other)  which  go 
all  round  the  Boiler  ; and  having  made  the  circuit 
of  the  Boiler,  it  goes  off  into  fepaiate  canals  (fur- 
nifhed with  dampers)  into  the  chimney. 

Though  the  Figures  17  and  18,  Plate  III.  are  not 
drawings  from  the  fire-place  I am  now  defcribing, 
but  of  another  which  I fhall  foon  have  occafion  to 
defcribe,  yet  an  infpe&ion  of  thefe  figures  will  be 
found  ufeful  in  forming  an  idea  of  the  principles 
on  which  the  fire-place  in  queftion  was  conflru&ed, 

' and 
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and  on  that  account  I (hall  occafionally  refer  to 
them. 

The  burning  Fuel  being  confined  within  a nar- 
row compafs, — being  well  fupplied  with  frefh  air, — 
and  being  furrounded  on  all  Tides  by  thin  walls  of 
brick,  (which  are  non-conduCtors,)  the  heat  of  the 
fire  is  molt  intenfe,  and  the  combufiion  of  the 
Fuel  of  courfe  very  complete.  The  flame,  which 
is  clear  and  vivid  in  the  highefl  degree,  and  per- 
fectly unmixed  with  fmoke,  runs  rapidly  along 
the  bottom  of  the  Boiler,  (which  forms  the  top  of 
the  flues,)  and  from  the  refiltance  it  meets  with  in 
its  paffage,  from  friCtion,  and  from  the  number  of 
turns  it  is  obliged  to  make,  it  is  thrown  into  innu- 
merable eddies  and  whirlpools,  and  really  affords  a 
mod  entertaining  fpeCtacle. 

That  I might  be  able  to  enjoy  at  my  eafe  this 
amufing  fight,  I caufed  a glafs  window  to  be  made 
in  the  front  wall  of  the  fire-place,  through  which 
1 could  look  into  the  Fire  when  the  fire-place  doors 
were  (hut ; and  I was  well  paid  for  the  trouble  and 
the  trifling  expence  I had  in  getting  it  executed. 

Some  may  be  tempted  to  fnfile  at  what  they  may 
think  a childifh  invention ; but  there  are  many 
others,  I am  confident,  and  among  thefe  many 
grave  philofophers,  who  would  have  been  very 
glad  to  have  fliared  my  amufenrent. 

The  window  of  which  I am  fpeaking  is  circular, 
and  only  fix  inches  in  diameter  ; but  as  the  hole  in 
the  wall  is  conical,  and  much  larger  within  than 
without,  the  field  of  this  window  (if  I may  ufe  the 

ii  3 expreflion) 
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expreffion)  is  Sufficiently  large  to  afford  a good  view 
of  what  paffes  in  the  fire-place. 

This  conical  hole  is  represented  in  the  Figures 
18  and  21,  by  dotted  lines.  It  is  Situated  on  the 
left  hand  of  the  entrance  into  the  fire-place.  Into 
the  opening  of  the  hole  in  the  wall,  on  the  outfide 
of  it,  is  fixed  a fliort  tube  of  copper,  (about  fix 
inches  in  diameter,  and  four  inches  long,)  and  in 
this  tube  another  fhort  moveable  tube  is  fitted,  one 
end  of  which  is  clofed  by  the  circular  plate  of  glafs 
which  conflitutes  the  window.  As  the  wall  of  the 
fire-place  in  front  is  thick,  this  pane  of  glafs  is  at  a 
considerable  diftance  from  the  burning  Fuel,  and  as 
there  is  no  draught  through  the  hole  in  the  wall,  the 
glafs  does  not  grow  very  hot, 

I have  been  the  more  particular  in  my  defeription 
of  this  little  invention,  as  I think  it  may  be  ufeful : 
There  are  many  cafes  in  which  it  would  be  very  • 
advantageous  to  know  exactly  what  is  going  on  in 
a clofed  fire-place ; and  this  never  can  be  known 
by  opening  the  door  ; for  the  inftant  the  door  is 
opened,  the  cold  air  rufhing  with  impetuofity  into 
the  fire-place,  deranges  entirely  the  whole  economy 
of  the  Fire : Befides  this,  it  is  frequently  very  dis- 
advantageous to  the  procefs  which  is  going  on,  to 
open  the  door  of  a fire-place  ; and  it  is  always  at- 
tended with  a certain  lofs  of  heat,  and  consequently 
Should  as  much  as  poffible  be  avoided. 

I intimated  that  the  window  I have  been  deferib- 
ing  afforded  me  amufement ; — it  did  flill  more, — it 
afforded  me  much  ufeful  information ; — it  gave  me 

an 
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an  opportunity  of  olferving  the  various  internal 
motions  into  which  flame  may,  by  proper  manage- 
ment of  the  machinery  of  a fire-place,  be  thrown  ; 
and  of  eftimating,  with  fome  degree  of  precifion, 
their  different  effects.  In  fhort,  it  made  me  better 
acquainted  with  the  fubjed  which  had  fo  long 
engaged  my  attention — (Fire); — and  with  regard 
to  that  fubject,  nothing  furely  that  is  new  can  be 
uninterefling.  But  to  return  to  the  Brewery  : — To 
the  top  of  the  Boiler  was  fitted  a curb  of  oak  tim- 
ber : The  four  ftraight  beams  of  which  this  curb  was 
conftruded  are  each  about  7 inches  thick,  and  15 
inches  wide  ; and  the  upper  part  of  the  Boiler  is 
faftened  by  large  copper  nails  to  the  infide  of  the 
fquare  frame  formed  by  thefe  four  beams.  From 
the  top  of  this  curb  is  raffed  a wooden  building, 
like  the  roof  of  a houfe  with  a double  flant  or  bevel, 
which  ferves  as  a cover  to  the  Boiler.  This  Build- 
ing, the  Tides  of  which  are  about  three  feet  high 
inwards,  and  the  top  of  which  is  covered  in  by  a 
very  flat  roof,  flanting  on  every  fide  from  the 
centre, — is  conftruded  of  a light  frame-work  of 
timber,  (four-inch  deal  joifts,)  which  is  covered 
within  as  well  as  without  with  thin  deal  boards, 
which  are  rabbetted  into  each  other  at  their  edges, 
to  render  the  cover  which  this  little  edifice  forms 
for  the  Boiler  as  tight  as  poffible. 

From  the  top  of  this  cover,  an  open  wooden 
tube,  (?//,  Fig.  17.)  about  12  inches  in  diameter, 
rifes  up  perpendicularly,  and  going  through  the 
roof  of  the  Brewhoufe,  ends  in  the  open  air.  This 

9 4 tube, 
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tube,  which  is  furniihed  with  a wooden  damper,  is 
intended  to  carry  oft  the  fleam. 

On  the  fide  of  this  cover  next  the  mafhing-tub, 
as  alfo  on  that  oppofite  to  it,  by  which  the  wort 
runs  oft'  into  the  coolers,  there  are  large  folding 
wooden  doors,  (i  and  k , Fig.  17.)  which  are  occa- 
sionally lifted  up  by  means  of  ropes  which  pafs  over 
pullies  faftened  to  the  ceiling  of  the  Brewhoufe. 

There  are  like  wife  two  glafs  windows  (fee 
Fig.  17.)  in  two  oppofite  fides  of  the  cover, 
through  which,  as  foon  as  in  confequence  of  the 
boiling  of  the  liquid  the  fteam  becomes  tranfparent 
and  invifible , (which  happens  in  a very  few  minutes 
after  the  liquid  has  begun  to  boil,)  the  contents  of 
the  Boiler  may  be  diftinclly  feen  and  examined. 

Whenever  there  is*occafion  during  the  boiling  to 
open  either  a door  or  a window  of  the  cover,  it  is 
neceftary  to  begin  by  opening  the  damper  of  the 
fleam-chimney,  otherwife  the  hot  fteam,  rufhing 
out  with  violence,  would  expofe  the  by-ftanders 
to  the  danger  of  being  fealded ; but  when  the 
damper  of  the  fleam-chimney  is  open,  no  fteam 
comes  into  the  Brewhoufe,  though  a door  or  win- 
dow of  the  cover  be  wide  open. 

Another  fimilar  precaution  is  fometimes  necef- 
fary  in  opening  the  door  of  the  fire-place,  which  it 
may  be  ufeful  to  mention. — When  the  dampers  in 
the  canals  by  which  the  fmoke  goes  off  into  the 
chimney  are  nearly  clofed,  (which  muft  frequently 
be  done  to  confine  and  economife  the  hear,)  if, 
without  altering  the  damper,  or  the  regifler  in  the 

afh- 
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U-fh-pit  door,  the  fire-place  door  be  fuddenly  open- 
ed, it  will  frequently  happen  that  fmoke,  and  fome- 
times  flame,  will  rufli  out  of  the  fire-place  by  this 
paflage.  This  accident  may  be  eafily  and  effect- 
ually prevented,  either  by  opening  the  damper,  or 
by  doling  the  regifter  of  the  alh-pit  door,  the  mo- 
ment before  the  fire-place  door  is  opened. — This 
precaution  fhould  be  attended  to  in  all  fire-places 
of  all  dimenfions,  conftruCted  on  the  principles  I 
have  recommended. 

To  economife  the  time  and  the  patience  of  my 
reader  as  far  as  it  is  poffible, ' without  fupprefling 
any  thing  eflential  relating  to  the  fubjeCt  under 
confideration,  I fhall  give  him,  in  a very  fmall 
compafs,  the  general  refults  of  a fet  of  Experi- 
ments which  cofl  me  more  labour  (or  at  leaft  more 
time ) than  it  would  cofl  him  to  read  all  the  Effays 
I have  ever  written.  I believe  I am  fometimes  too 
prolix  for  the  tafle  of  the  age, — but  it  lhould  be 
remembered  that  the  fubjeCts  I have  undertaken  to 
inveftigate  are  by  no  means  indifferent  to  me  j — 
that  I conceive  them  to  be  intimately  connected 
with  the  comforts  and  enjoyments  of  mankind  ; — 
and  that  a habit  of  revolving  them  in  my  mind, 
and  reflecting  on  their  extenfive  ufefulnefs,  has 
awakened  my  enthufiafm,  and  rendered  it  quite  im- 
poflible  for  me  to  treat  them  with  cold  indifference, 
however  indifferent  or  tirefome  they  may  appear  to 
thofe  who  have  not  been  accuftomed  to  view  them 
in  the  fame  light. 


I have 
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I have  already  given  an  account,  in  all  its  va- 
rious  details,  of  one  Experiment  which  was  made 
(on  the  15th  of  April  1795)  with  the  Boiler  we 
have  juft  been  defcribing  (fee  page  78).  I fhall  now 
recapitulate  the  general  refults  of  that  Experiment, 
and  compare  them  with  the  mean  refults  of  two 
other  like  Experiments  made  with  the  fame  Boiler. 


/ 

Experiment 

Experiment 

No.  27. 

No.  28. 

Quantity  of  water  in  the  boiler  - 

12,508  lbs. 

1 2,508  lbs. 

Temperature  of  the  water  in  the 
Boiler  at  the  beginning  of  the 
Experiment  ----- 

6o° 

58° 

Time  required  to  make  the  water 
boil  ------- 

3 h.  40  min. 

3 h.  48  min. 

Fuel  employed  to  make  the  water 
boil  - - - . - - - 

800  lbs. 

825  lbs. 

Time  the  water  continued  boil- 

mg  - - - - - - - 

2h.43  min. 

_ 

Fuel  added  to  keep  the  water 
boiling  ------ 

too  lbs. 

• 

Kind  of  Fuel  ufed  - - - - 

Pine-wood 

Pine-wood 

Precise  Results  of  the 
Experiments. 

Quantity  of  ice-cold  water  which 
might  be  heated  i8og,  cr  made 
to  boil,  with  the  heat  gene- 
rated in  the  combudion  of  lib. 
of  the  Fuel  ----- 

lz.06  lbs. 

iz. 70  lbs. 

Time  in  which,  according  to  the 
refult  of  the  Experiment,  ice- 
told  water  might  (at  Munich) 
be  made  to  boil  with  the  given 
proportion  of  Fuel  - - - 

4 h.  20  min. 

4 h.  20  min. 

Quantity  of  boilmg-bot  water 
kept  boiling  one  hour  with  the 
heat  generated  in  the  corn- 
bullion  of  1 lb.  of  the  Fuel  - 

339.80  lbs. 

On 
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On  comparing  the  refults  of  thefe  Experiments 
with  thofe  made  in  the  boilers  of  the  kitchens  of 
the  Houfe  of  Induftry  and  Military  Academy,  I 
was  led  to  imagine  that  either  the  Boiler,  or  the 
fire-place  of  the  Brewery,  or  both,  were  capable 
of  great  improvement ; for  in  fome  of  the  Experi- 
ments with  thefe  fmall  kitchen  Boilers,  the  Eco- 
nomy of  Fuel  had  been  carried  fo  far,  that  with 
the  heat  generated  in  the  combuftion  of  i lb.  of 
pine-wood,  it  appeared  that  20  lbs.  of  ice-cold 
water  might  have  been  made  to  boil ; but  here, 
though  the  machinery  was  on  a fcalefo  much  larger, 
(and  I had  concluded,  too  rafhly  indeed,  as  will  be 
fhown  hereafter,  that  the  larger  the  Boiler  the 
greater  is  of  courfe  the  Economy  of  Fuel,) — the 
refults  of  thefe  Experiments  indicated,  that  not  quite 
13  lbs.  of  ice-cold  water  could  have  been  made  to 
boil  with  the  heat  furnifhed  in  the  combuftion  of 
1 lb.  of  the  wood. 

The  Experiments,  No.  22,  No.  25,  and  No.  26, 
which  were  made  with  the  largeft  of  my  kitchen 
Boilers,  had,  it  is  true,  afforded  grounds  to  fufpedt 
that,  beyond  certain  limits,  an  increafe  of  fize  in 
a Boiler  does  not  tend  to  diminilh  the  expence  of 
Fuel  in  the  procefs  of  heating  water  $ yet,  as  all 
my  other  Experiments  had  tended  to  confirm  me 
in  the  opinion  1 had,  at  an  early  period,  imbibed  on 
that  fubjedt,  I was  difpofed  to  fufpedt  any  other 
caufe  than  the  true  one,  of  having  been  inftru- 
mental  in  producing  the  unexpected  appearances  I 
obferved. 
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I was  much  difappointed,  I confefs,  at  finding 
that  the  Brewhoufe  Boiler,  notwithftanding  all  the 
pains  I had  taken  to  fit  up  its  fire-place  in  the  molt 
perfect  manner,  and  notwithfianding  its  enormous 
dimenfions,  when  compared  with  the  Boilers  I had 
hitherto  ufed  in  my  Experiments,  fo  far  from  an- 
fwering  my  expectations,  actually  required  confi- 
derably  more  Fuel,  in  proportion  to  its  contents, 
than  any  other  Boiler  fitted  up  on  the  fame  princi- 
ples, which  was  not  one  fiftieth  part  of  its  fize. 

This  unexpended  refult  puzzled  me  ; — and  I 
mult  own  that  it  vexed  me,  though  I ought  per- 
haps to  be  afhamed  of  my  weaknefs ; — but  it  did 
not  difeourage  me.  Finding  on  examining  the 
Boiler,  that  its  bottom  was  very  thick,  compared 
with  the  thicknefs  of  the  fheet  copper  of  w'hich  my 
kitchen  Boilers  were  conftrudted,  it  occurred  to 
me  that  poflibly  that  might  be  the  caufe,  or  at  leafl 
cne  of  the  caufes , which  had  made  the  confumption 
of  Fuel  fo  much  greater  than  I expected  ; and  as 
there  was  another  Brewhoufe  in  the  neighbour- 
hood belonging  to  the  Eledtor,  which,  luckily  for 
me,  flood  in  need  of  a new  boiler,  I availed  myfelf 
of  that  opportunity  to  make  an  Experiment,  which 
not  only  decided  the  point  in  queftion,  but  alfo 
eftablifhed  a new  fadt  with  regard  to  heat,  which  I 
conceive  to  be  of  confiderable  importance. 

Having  obtained  the  Eledtor’s  permifiion  to  ar- 
range the  fecond  Brewhoufe  as  I fhould  think  belt, 

I determined  to  fpare  no  pains  to  render  it  as  per- 
fedt  as  poflible  in  all  refpedls,  and  particularly  in 

6 every 
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every  thing  relating  to  the  Economy  of  Fuel.  As 
in  brewing,  in  the  manner  that  bufmefs  is  carried 
on  in  Bavaria,  where  the  whole  procefs,  in  as  far  as 
Eire  is  employed  in  it,  is  begun  and  finifhed  in  the 
courfe  of  a day,  the  faving  of  time , in  heating  the 
water  and  boiling  the  wort,  is  an  object  of  almofl 
as  much  importance  as  that  of  economizing  Fuel, 
and  confequently  demanded  particular  attention. 

The  means  I ufed  for  the  attainment  of  both 
thefe  objects  will  be  evident  from  the  following  de- 
feription  of  the  Boiler,  and  its  fire-place,  which  I 
caufed  to  be  conftrucled,  and  which  are  reprefented 
in  all  their  details  in  the  Plates  III,  IV,  and  V. 

This  Boiler  is  1 2 (Bavarian)  feet  long,  1 o feet 
wide,  and  only  1 feet  deep.  The  fineet  copper  of 
■which  it  is  made  is  uncommonly  thin  for  a Boiler 
oTfuch  large  dimenfions,  being  at  a medium  lefs 
than  one  tenth  of  an  Englifh  inch  in  thicknefs.  This 
Boiler,  when  finifhed,  weighed  no  more  than 
674  lbs.  Bavarian  weight,  equal  to  834!  lbs.  Avoir- 
dupois, exclufive  of  64  lbs.  of  copper  nails  ufed  in 
riveting  the  fheets  of  copper  together. 

rI  he  top  of  the  Boiler  is  furrounded  by  a flrong 
curb  (n,  />,  fig.  17.)  of  oak  timber,  to  which  it  is 
attached  by  flrong  copper  nails,  and  over  the  Boiler 
is  built  a roof,  or  {landing  cover,  (fee  fig.  17.) 
fimilar  in  all  refpefls  to  that  already  deferibed.  The 
bottom  of  the  Boiler  is  flat,  and  repofes  horizon- 
tally on  the  top  of  the  thin  brick  walls  by  which 
the  fire-place  is  divided  into  flues.  (See  Fig.  18.)  — 
Thefe  flues  do  not  run  in  the  dire&ion  of  the  length 
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of  the  Boiler,  but  from  one  fide  of  it  to  the 
other;  — confequently  the  door  of  the  fire-place  is 
in  the  middle  of  one  fide  of  the  Boiler. 

The  fheets  of  Copper,  of  which  the  bottom  of 
the  Boiler  was  conftrufted,  run  in  the  direction 
of  the  flues  ; and  they  are  juft  fo  wide  that  their 
feams  or  joinings  (where  they  are  united  to  each 
other  by  their  fides)  repofe  on  the  walls  of  the  flues, 
except  only  in  the  middle  flue,  which,  being  about 
twice  as  wide  as  the  others,  one  feam  was  neceffarily 
left  unfupported,  at  leaft  a confiderable  part  of  its 
length. — The  fheets  of  copper  ufed  in  conftrutfting 
this  part  of  the  bottom  of  the  Boiler  are  rather 
thicker  and  ftronger  than  the  reft  : They  are  juft 
o.i  1 8 of  an  Englifh  inch  in  thicknefs. 

The  fire  is  made  under  this  Boiler  in  the  middle 
flue,  which,  as  I have  juft  obferved,  is  a little  more 
than  twice  as  wide  as  one  of  the  other  flues.  There 
are  five  flues  under  the  Boiler  ; namely,  one  in  the 
middle  44  inches  wide,  above,  in  the  clear,  (which 
conftitutes  the  fire-place,) — and  two  on  each  fide 
of  it,  in  which  the  flame  circulates  ; one  20  inches 
wide,  and  the  other  19  inches  wide.. 

The  fide  flues  are  each  14!  inches  deep  ; — but  as 
the  walls  which  feparate  them  are  much  thicker 
below  than  above,  where  the  bottom  of  the  Boiler 
repofes  on  them,  the  width  of  thefe  flues  below  is 
only  13  inches. — The  walls  of  thefe  flues  are  fhown 
by  dotted  lines  in  Fig.  1 7. 

The  walls  wrhich  feparate  the  flues  do  not  run 
quite  from  one  fide  of  the  Boiler  to  the  other  ; an 
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opening  being  left  at  one  end  of  each  of  them  equal 
to  the  width  of  one  of  the  narrow  flues  for  the  paf- 
fage  of  the  flame  from  one  flue  into  another,  with- 
out its  going  from  under  th6  Boiler. 

The  Fire  being  made  (on  a circular  grate)  in  the 
middle  flue  (fee  Fig.  18.),  the  flame  paflfes  on  in 
this  flue  to  its  farther  end,  and  then,  dividing  to 
the  right  and  left,  comes  forward  in  the  two  ad- 
joining fide-flues.  Having  arrived  at  the  wall 
which  fupports  the  front  of  the  Boiler,  it  turns 
again  to  the  right  and  left ; and,  entering  the  two 
outfide  flues,  returns  in  them  to  the  back  of  the 
Boiler.  Here  it  went  out  (before  the  fire-place  was 
altered)  at  two  openings  left  for  that  purpofe  in  the 
wall  which  fupports  the  back  part  of  the  Boiler, 
and  the  two  currents  of  flame  uniting,  entered  a 
canal  7 inches  wide,  and  16  inches  high,  which 
goes  all  round  the  outfide  of  the  Boiler.  (See 
Fig.  20.)  Having  made  the  circuit  of  the  Boiler, 
it  went  off  by  a canal  (furnifhed  with  a damper) 
into  the  chimney. 

From  this  defcription  of  the  fire-place,  it  appears 
that  the  flame  and  fmoke  generated  in  the  com- 
buftion  of  the  Fuel  in  pafling  through  thofe  dif- 
ferent flues,  made  a circuit  of  above  70  feet,  in 
contact  with  the  furface  of  the  Boiler,  before  they 
were  permitted  to  efcape  into  the  chimney.  This 
1 thought  mufl;  be  fufficient  to  give  thefe  hot  fluids 
an  opportunity  of  communicating  to  the  Boiler  all 
the  heat  they  could  part  with*  notwithftanding  the 
difficulties  which  attend  their  getting  rid  of  it.  And 
1 concluded  that  the  communication  of  their  heat 
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to  the  Boiler  would  be  much  facilitated  and  expe- 
dited by  the  various  eddies  and  whirlpools  produced 
in  the  flame  in  confequence  of  the  number  of  abrupt 
turns  and  changes  of  direction  it  was  obliged  to 
make  in  palling  under  and  round  the  Boiler. 

As  the  Experiments  which  have  been  made  with 
this  Boiler  were  conducted  throughout  with  the 
utmoft  care  and  attention,  and  as  their  refults  are 
both  curious  and  important  in  feveral  refpe&s,  I 
have  thought  them  deferving  of  being  made  known 
to  the  Public  in  ail  their  details. 


An  Account  of  three  Experiments  made  at  Mu- 
nich the  ioth  of  October  1 796,  with  the  new 
Boiler  in  the  Brewery  called  Neuheufel , be- 
longing to  his  most  Serene  Highness  the 
Elector. — The  weather  being  fair  : The 
barometer  handing  at  28  Englifh  inches,  and 
Fahrenheit’s  thermometer  at  36°. 

Dlmenfions  of  the  Boiler,  in  T Length  11  feet  6.02  inches, 

Englifh  mcafure,  as  found  > Width  9 — 7.723  

by  actual  admeafurement,  j Depth  2 — 0.205  ■ 

Contents  of  the  Boiler,  when  quite  full  to  the  brim,  14,163  lbs. 

Bavarian  weight  of  w - ter,  at  the  temperature  of  550,  equal 
to  'i7,54olbs.  Avoirdupois,  or  2099  wine  gallons. 

The  Boiler  actually  contained 
in  the  beginning  of  each  of 
following  experiments,  - 
equal  to  10.056  lbs.  Avoirdupois,  or  nearly  1 204  wine  gallons. 

The  wood  ufed  in  this  and  the  following  Experiments  was 
Pine,  which  had  been  moderately  feafoned,  and  the  billets  were 
3 feet  finches,  Englifh  meafurc,  in  length. 


of  water,  in  Bavarian  weight 
the  two 


-8i«zo  lbs. 


First 


find  the  Economy  of  Fuel. 


First  Experiment  with  the  new  Boiler, 


Experiment , No.  29, 


Time. 

• 

Fire-wood  put  into 
the  Fire-place. 

Temperature  of 
the  water  in  the 
Boiler. 

Hours.  Min. 

Number  of 
Billets. 

Quantity- 
in  weight. 

In  degrees  of  Fah- 
renheit’s Therm. 

11  31  A.  M. 

IO 

lbs. 

5° 

5°° 

— 46  — 

‘5 

25 

54 

12  0 — 

5 

25 

64 

— 10  P.M. 

5 

25 

67 

— 36  — 

— 

8> 

— 40  — 

4 

25 

96 

“ 53  — 

5 

2S 

1 12  — 

7 

2S 

1°5 

— 21  — 

10 

50 

I IO 

— 46  — 

10 

5° 

129 

S8  ~ 

40 

5° 

— 

3 17  — 

46 

5° 

156 

— 29  — 

— 

— 

164 

— 3+  — 

10 

5° 

— - 

4I  — 

— 

— 

l7  3 

— 49  — 

— 

— 

180 

- 58  “ 

40 

5° 

185 

3 »5  — 

12 

5° 

197 

— 26  — 

20 

25 

Z05 

3 35  — 

1 the  water  boiled. 

employed, ^ +hl  4 min*  Wocd  confumed>  575 lbs. 
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The  boiling  water  being  let  off,  and  it  being  re- 
placed immediately  with  cold  water,  the  Experi- 
ment was  repeated  as  follows : 


Experiment , No.  30. 


Time. 

Quantity  of  Fire- 
wood put  into  the 
Fire-place. 

Temperature  of 
the  water  in  the 
Boiler. 

Hours. 

Min. 

Number  of 
Billets. 

Quantity 
in  weight. 

In  dgrees  of  Fah- 
renheit’s Therm. 

4 

41  P.  M. 

40 

lbs. 

50 

6o° 

— 

50  — 

40 

5° 

72 

5 

4 ~ 

IO 

5° 

86 

— ■ 

16  — 

IO 

5° 

99i 

— 

29  — 

IO 

5° 

114 

— 

42  — 

IO 

5° 

126 

— 

56  — 

40 

5° 

142 

6 

10  — 

40 

5° 

>57 

— 

24  — 

40 

5° 

— 

* 

28  — 

— 

— 

172 

— 

40  — 

40 

5° 

— 

— 

424  — 

— - 

— 

>8S1 

— 

53  — 

40 

5° 

— 

- — 

55  “ 

— 

— 

198 

7 

2 — 

— 

— 

205 

7 

7 — 

— 

— 

the  water  boiled. 

employed  j 2 h.  26  min.  Wood  confumed,  550 lbs. 
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This  boiling  water  being  let  off,  the  Boiler  wTas 
again  filled  (immediately)  with  cold  water ; and 
in  this  third  Experiment  the  quantity  of  water  was 
increafed  to  1 1,368  lbs.  Bavarian  weight , — equal  to 
14,07 8 lbs.  Avoirdupois,  or  1685  wine  gallons. 

The  refults  of  this  Experiment  were  as  follows : 


Experiment , No.  31. 


Time. 

Quantity  of  Fire- 
wood put  into  the 
Fire-place. 

Temperature  of 
the  water  in  the 
Boiler. 

Hours.  Min. 

Number  of 
Billets. 

Quantity 
in  weight. 

In  degrees  of  Fah- 
renheit's Therm. 

8 5 f P.  M. 

80 

lbs. 

IOO 

6ci° 

9 7 — 

40 

5° 

79° 

— 21  — 

40 

5° 

90 

— 44  ~ 

40 

5° 

107 

— 57  ~ 

40 

5° 

118 

10  14  — 

40 

5° 

13° 

— 28  — 

40 

5° 

140 

— 45  — 

40 

5° 

155 

n — — 

40 

5° 

165 

— 15  — 

40 

5° 

1 75 

— 3°  — 

40 

5° 

182 

— 45  — 

40 

5° 

200 

11  58  — 

— 

the  water  boiled. 

employed,  } 3 7*  min.  Wood  confumed,  650  lbs. 
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The  following  Table  will  fhow  the  refults  of 
thefe  three  Experiments  in  a clear  and  fatisfa&ory 
manner  : 


Experiment 
No.  29. 

Experiment 
No.  30. 

Experiment 
No.  31. 

Quantity  of  water  in  the 
Boiler  at  the  begin- 

t 

ning  of  the  Experi- 
ment, in  Bavarian 

r 

■pounds  - 

Temperature  of  the  wa- 
ter at  the  beginning  of 

81 2olbs, 

Sisolbs. 

1 1 ,363  lbs. 

the  Experiment 

S°° 

» 

6o° 

65 

Time  employed  in  mak- 

1 * 

ing  the  water  boil 

Fuel  (pine  wood)  con- 
fumed  in  making  the 
water  boil,  in  Bavarian 

4 h.  4 min. 

2 h.  26mm. 

3 h.  7 min. 

pounds  - - 

Brecife  Refults  of  the  Ex- 
periments. 

Quantity  of  Ice-cold  wa- 
ter which  might  have 
been  heated  180  de 
grees,  or  made  to  boil 
with  the  heat  generated 
in  the  combultion  of 

575lbs. 

55olbs. 

65olbs» 

lib.  of  the  Fuel 

Time  in  which,  accord- 
ing to  the  refult  of  the 
Experiment,  ice-cold 
water  might  be  made 
to  boil  at  Munich  with 
the  given  proportion  of 

1 2 .54  lbs. 

I2.281bs. 

14.59^3. 

Fuel 

4 h.  3 1 min. 

2 h.  59mm. 

3 h.  3 5 min. 

I was  furprifed,  when  I compared  the  refults  of 
thefe  Experiments  with  thofe  made  in  the  other 

Brewhoufe, 
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Brewhoufe,  to  find  how  little  in  appearance  I had 
gained  by  the  alterations  I had  introduced ; on  a 
more  careful  examination  of  the  matter,  however, 
I found  that  I had  gained  much  more  than  I at  firft 
imagined,  both  in  refpeft  to  the  Economy  of  Fuel, 
and  to  that  of  Time.  The  amount  of  thefe  ad- 
vantages will  appear  from  the  following  compan- 
ion of  the  mean  refult  of  thefe  two  fets  of  Experi- 
ments ; 


Precife  Refults  cf  the  fore- 

going  Experiments. 

Time  required 

Quantify  of 

to  make  ice- 

ice-cold  water 

cold  water  boil. 

made  to  boil 

according  to 

with  1 lb.  of 

the  refult  of  the 

- . . ..  . . . ■ : f 

the  Fuel. 

given  Experi- 

. ' vl 

ment. 

Firft  Set. 

lbs. 

hrs.  min. 

In  the  Experiment  No.  27.  — 

I 2.06 

4 20 

In  the  Experiment  No.  28.  — 

I2.7O 

4 20 

Sum  — 

2W7 

O 

00 

Means  — 

hi 

OO 

Ol 

4 20 

Second  Set. 

- 

1 

Jn  the  Experiment  No.  29.  — 

12.34 

4 3 1 

In  the  Experiment  No.  30.  — 

12.28 

2 59 

Sum  — 

24.82 

7 3° 

Means  — 

12.41 

3 45 

The  mean  refults  of  thefe  two  fets  of  Experi- 
ments differ  very  little  from  each  other  in  appear*. 

1 3 ancej 
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ance ; and  from  this  circumftance  I fhall  prove,  that 
the  new  Boiler  is  better  adapted  for  faving  Fuel  than 
the  old. 

By  comparing  the  refults  of  the  Experiments 
made  with  the  fame  Boiler,  but  with  different 
quantities  of  water,  we  fhall  conftantly  find  that  the 
expence  of  Fuel  was  lefs  in  proportion  as  the  quan- 
tity of  water  was  greater.  In  the  Experiment 
No.  23,  when  127 lbs.  of  water  were  ufed,  the  re- 
jfult  of  the  Experiment  indicated  that  no  more  than 
1 2.74  lbs.  of  ice-cold  water  could  be  made  to  boil 
with  the  heat  generated  in  the  combuftion  of  1 lb. 
of  the  Fuel  ufed;  but  in  the  Experiment  No.  2 6, 
made  with  the  fame  Boiler,  but  when  4 times  as  ' 
much  water  was  ufed*  or  508  lbs.,  it  appeared 
from  the  refult  of  the  Experiment,  that  19.01  lbs. 
of  ice-cold  water  might  be  made  to  boil  with  1 lb. 
of  the  Fuel. 

Now,  in  the  firft  fet  of  the  Experiments  we 
are  comparing,  as  the  quantity  of  water  ufed 
(12,508  lbs.)  was  much  greater  than  that  ufed  in 
the  lecond  fet  (8 120  lbs.),  it  is  evident,  that  if  the 
conftrudftion  of  the  machinery  and  the  Management 
of  the  Fire  had  been  equally  perfect  in  the  two  cafes, 
the  Economy  of  Fuel  would  have  been  greateft 
where  the  largeft  quantity  of  water  was  ufed ; — 
that  is  to  fay,  in  the  firft  fet  of  Experiments ; — but,  • 
as  that  was  not  the  cafe,  it  is  certain  that  the  Boiler 
ufed  in  the  fecond  fet  is  better  adapted  to  econo- 
mize Fuel  than  that  ufed  in  the  firft. 

But  we  need  not  go  fo  far  to  fearch  for  proofs 
of  that  fadt.  The  refult  of  the  Experiment  No.  31 

is 
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is  alone  fufficient  to  put  the  matter  beyond  doubt. 
In  this  Experiment,  in  which  the  quantity  of  water 
(though  flill  confiderably  fhort  of  that  ufed  in  the 
former  fet  of  Experiments)  was  augmented  from 
8120  lbs.  to  1 1,368  lbs.  the  faving  of  Fuel  was  fo 
much  increafed  as  to  Ihow  in  a decifive  manner  the 
fuperiority  of  the  new  Boiler. 


Quantity  of 
Ice-cold  water 
made  to  boil 
with  1 lb.  of 
the  Fuel. 

Time  required 
to  make  ice- 
cold  water  boil, 
according  to 
the  refult  of  the 

The  Prec'ife  Refulls 

Experiment. 

Of  this  Experiment  (No.  3 1.)  were 

lbs. 

hrj.  min. 

as  follows,  — — — 

H-59 

3 37 

In  the  Experiments  No.  27  and 
No.  28,  they  were,  at  a medium, 

12.385 

4 20 

The  difference  in  the  expence  of  Fuel  in  thefe 
Experiments  with  thefe  two  Boilers  is  by  no  means 
inconfiderable ; it  amounts  to  above  14  per  cent . 
and  would  have  amounted  to  more,  if  more  time 
had  been  allowed  for  heating  the  water  in  the  Ex- 
periment with  the  new  Boiler  ; for  it  is  eafy  to 
Ihow — (what  indeed  was  clearly  indicated  by  all 
the  Experiments) — that,  in  caufing  liquids  to  boil, 
the  quantity  of  Fuel  will  be  lefs,  in  proportion  as 
the  time  employed  in  that  procefs  is  long  ; or, 
which  is  the  fame, — as  the  Fire  is  fmaller  : And  the 
faving  of  Fuel  arifing  from  any  given  prolongation 
of  the  procefs,  will  be  the  greater  as  the  fire-place 
is  more  perfect,  and  as  the  means  ufed  for  con- 
fining the  heat  are  more  effectual. 

1 4 
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Though  the  general  refults  of  thefe  two  fets  of 
Experiments  afforded  abundant  reafon  to  conclude 
that  the  alterations  I had  introduced  in  arranging 
the  new  Boiler  were  real  improvements ; yet,  when 
I compared  the  quantity  of  Fuel  confumed  in  the 
Experiments  with  this  new  Boiler,  with  the  much 
fmaller  quantities,  in  proportion  to  the  quantity  of 
water,  which  were  employed  in  fome  of  my  former 
Experiments  with  kitchen  Boilers,  I was  for  fome 
time  quite  at  a lofs  to  account  for  this  difference. 
In  all  my  Experiments  with  Boilers  of  different 
fizes,  from  the  fmalleft  faucepan  up  to  the  largefl 
kitchen  Boilers,  I had  invariably  found  that  the 
larger  the  quantity  of  water  was,  which  was  heated, 
the  lefs,  in  proportion,  was  the  quantity  of  Fuel  ne- 
ceffary  to  be  employed  in  that  procefs ; and  fo  en- 
tirely had  that  prejudice  taken  poffeflion  of  my 
mind,  that  when  the  flrongefl  reafons  for  doubt 
prefented  themfelves,  they  were  overlooked  ; and 
it  was  not  till  I had  fearched  in  vain  on  every  fide 
to  difeover  fome  other  caufe  to  which  I could  attri- 
bute the  unexpected  appearance  that  embarraffed 
me,  that  I was  induced, — I may  fay  forced, — to 
abandon  my  former  opinion,  and  to  be  convinced 
that  what  I had  too  haflily  confidered  as  a general 
law,  does  not  in  fa6t  obtain  but  within  narrow 
limits ; — that  although,  in  heating  certain  quantities 
of  liquids,  there  is  an  advantage  in  point  of  the 
Economy  of  Fuel  in  performing  the  procefs  on  a 
larger  fcale,  in  preference  to  a fmaller  one  ; yet, 
when  the  liquid  to  be  heated  amounts  to  a certain 

quantity. 
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quantity,  this  advantage  ceafes  ; and  if  it  exceeds 
that  quantity,  it  is  attended  with  an  expence  of 
Fuel  proportionally  greater  than  when  the  quan- 
tity is  lefs. 

What  the  fize  of  a Boiler  muff  be,  in  order  that 
the  faving  of  Fuel  may  be  a maximum , I do  not  pre^ 
tend  to  have  determined ; I think  hou'ever  that 
there  are  fome  reafons  for  fufpecting  that  it  would 
not  be  larger  than  fome  of  the  kitchen  Boilers 
ufed  in  my  Experiments.  But  I recollect  to  have 
promifed  my  Reader,  that  I would  not  give  him 
my  opinions,  without  laying  before  him  at  the  fame 
time  the  grounds  of  thofe  opinions. — In  the  prefent 
cafe  they  are  as  follows  : 

In  an  Experiment  of  which  I have  already  given 
an  account  (No.  3.),  7-lfJbs.  of  water,  at  the 
temperature  of  58°,  were  made  to  boil  in  a fauce- 
pan  fitted  up  in  my  bed  manner,  in  a clofed  fire- 
place ; and  the  wood  confumed  was  1 lb.  This 
gives  for  the  p recife  refidt  cf  the  Experiment, 
6.68  lbs.  of  ice-cold  water  made  to  boil  with  1 lb. 
of  the  Fuel. 

In  another  Experiment,  (No.  12  ) made  with 
one  of  the  fmall  Boilers  belonging  to  the  kitchen 
of  the  Military  Academy ^ fitted  up  on  the  fame 
principles,  43.63  lbs.  of  w'ater,  at  the  temperature 
of  6o°,  were  made  to  boil  with  3 lbs.  of  wood. 
This  gives  11-93  ^s*  °f  ice-cold  water  made  to 
boil  with  1 lb.  of  the  Fuel. 

Again,  in  the  Experiment  No.  20,  which  was 
made  with  a larger  Boiler,  belonging  to  the  fame 

kitchen. 
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kitchen,  and  fitted  up  in  the  fame  manner,  187  lbs. 
of  water,  (equal  to  about  28  gallons,)  at  the  tem- 
perature of  550,  were  made  to  boil  with  the  com* 
bullion  of  8 lbs.  of  fire-wood.  This  gives  20.10  lbs, 
<3f  ice-cold  water  made  to  boil  with  1 lb.  of  the 
wood  ; — and  farther  than  this  I have  not  been  able 
to  pufh  the  Economy  of  Fuel. 

In  the  Experiment  No.  26.  a Boiler  was  ufed, 
which  had  been  conflrufled  with  the  exprefs  view 
to  fee  how  far  it  was  poffible  to  carry  the  Economy 
of  Fuel  in  culinary  proceffes  ; and  it  was  fitted  up 
with  the  utmoft  care,  and  on  the  mod  approved 
principles.  As  I thought  at  that  time  that  a large- 
iized  Boiler  was  effential  to  the  economizing  of 
Fuel,  this  (Boiler  was  made  to  contain  106  gallons. 
In  the  Experiment  in  queftion  it  actually  contained 
50S  Bavarian  pounds  of  water,  (or  about  63  gal- 
lons,) at  the  temperature  of  48°  ; and  to  make  this 
water  boil,  24  lbs,  of  wood  were  confumed.  This 
gives  19.01  lbs.  of  ice-cold  water  made  to  boil  with 
1 lb.  of  Fuel.  Hence  it  appears  that  the  expence 
of  Fuel  was  greater  in  this  Experiment  than  in  that 
lafl-mentioned. 

Again,  in  the  Experiment  No.  31.  when  no 
lefsthan  1 1,368  lbs.  or  1685  gallons,  of  water  were 
heated  and  made  to  boil  in  the  new  Brewhoufe 
Boiler  ; the  wood  confumed  amounted  to  650  lbs, 
which  (as  the  temperature  of  the  water  at  the  be- 
ginning of  the  Experiment  was  65!°)  gives  for  the 
precife  refult  of  the  Experiment,  14.59  lbs.  of  ice- 
cold  water  made  to  boil  with  the  heat  generated  in 
the  combuftion  of  1 lb,  of  the  Fuel, 


As 


and  the  Economy  of  Fuel.  123 

As  the  relative  quantities  of  Fuel  expended  in 
the  Experiments  are  inverfely  as  the  numbers  ex- 
preffing  the  quantities  of  ice-cold  water,  which, 
from  the  refult  of  each  Experiment,  it  appears 
might  have  been  heated  180  degrees,  or  made  to 
boil,  under  the  mean  preffure  of  the  atmofphere 
at  the  level  of  the  fea,  with  the  heat  generated  in 
the  combuftion  of  1 lb.  of  the  Fuel  ; it  is  evident 
that  thefe  numbers  meafure  very  accurately  the 
different  degrees  to  which  the  Economy  of  Fuel 
was  carried  in  the  different  Experiments.  The 
Economy  of  Fuel  in  heating  liquids  depending  on 
the  quantity  of  the  liquid , as  fhown  by  the  foregoing 
Experiments,  may  therefore  be  expreffed  (hortly 
in  the  following  manner  : 


Quantity  of  wa- 
ter heated  in  the 
Experiment,  in 
Bavarian  lbs. 

Degrees  to 
which  the  Eco- 
nomy of  the 
Fuel  wascarried. 

lbs. 

Ids- 

In  the  Experiment  No.  3, 

7-9.3 

6.68 

No.  12, 

43-63 

1 '-93 

No.  16, 

187 

20.10 

No.  26, 

508 

I9.OI 

No.  31, 

1 1 .368 

I4.39 

Before  I take  my  leave  of  this  fubjeft  I would 
juft  remark,  that  the  caufe  of  the  appearances  ob- 
ferved  in  the  Experiments  may,  I think,  be  traced 
to  that  property  of  flame  from  which  it  has  been 
denominated  a non-condu£tor  of  heat : — For  if  the 
different  particles  of  flame  give  off  their  heat  only 

to 
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to  bodies  with  which  they  actually  come  into  con- 
tact, the  quantity  of  heat  given  off  by  it  will  be,— 
not  as  its  volume,  (and  confequently  not  as  the 
quantity  of  Fuel  confumed,)  but  rather  as  its  fur- 
face.  And  as  the  furface  of  the  flame,  when  fire- 
places are  fimilar,  is  proportionally  greater  in  fmall 
than  in  large  fire-places ; — the  furfaces  of  fimilar 
bodies  being  as  the  fquares  of  their  correfponding 
fides,  while  their  volumes  are  as  the  cubes  of  thofe 
Tides  ; — it  is  evident  that,  on  that  account,  lefs  heat 
in  proportion  to  the  quantity  generated  in  the  com- 
buftion  of  the  Fuel  ought  to  be  communicated  to 
the  Boiler,  when  the  fire-place  and  Boiler  are  large, 
than  when  the  procefs  is  carried  on  upon  a fmaller 
fcale. 

There  are,  however,  feveral  other  circumflances 
to  be  taken  into  the  account  in  determining  the 
effe&s  of  fi-ze  in  the  machinery  neceflary  for  boil- 
ing liquids  ; and  one  of  them,  which  has  great  in- 
fluence, is  the  heat  abforbed  by  the  mafonry  of  the 
fire-place.  This  lofs  will  molt  undoubtedly  be  the 
fmaller,  as  the  fire-place  is  larger ; but  to  deter- 
mine the  exaift  point  when,  the  faving  on  the  one 
hand  being  juft  counterbalanced  by  the  lofs  on  the 
other,  any  augmentation  or  diminution  of  fize  in 
the  machinery  would  be  attended  with  a pofitive 
lofs  of  heat,  is  not  eafy  to  be  afcertained.  Pro- 
vided however  that  proper  attention  be  paid  to  the 
Management  of  the  Fire , and  that  as  much  heat  as 
poflible  be  generated  in  the  combuftion  of  the  Fuel 
— (which  may  always  be  done  in  the  largeft  fire- 
place 
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place  as  well,  if  not  better,  than  in  fmaller  ones)  ; 
as  that  part  of  the  heat  which  goes  off  in  the  fmoke 
is  indubitably  loft,  a thermometer  placed  in  the 
chimney  would  indicate,  with  a confiderable  degree 
of  precifion,  the  perfe&ions  or  imperfections  of  the 
fire-place. 

It  is  well  known  that  the  fmoke  which  rifes  front 
the  chimnies  of  the  clofed  fire-places  of  very  large 
Boilers  is  much  hotter  than  that  which  efcapes  from 
fmaller  fire-places  ; and  I am  furprifed  that  this 
fa6t,  which  has  long  been  known  to  me,  fhould  not 
have  led  me  to  fufpeft  that  the  wafte  of  Fuel  was 
proportionally  greater  in  thefe  large  fire-places  than 
in  fmaller  ones. 

Befides  the  Experiments  of  which  I have  given 
an  account,  feveral  others  were  made  with  the  new 
Brewhoufe  Boiler  ; and,  among  others,  four  Ex- 
periments were  made  on  four  fucceeding  days,  in 
brewing  Beer  ; and  it  was  found  that  confiderably 
lefs  Fuel  was  expended  in  thefe  trials,  than  was 
neceffary  in  brewing  the  fame  quantity  of  beer  in 
the  other  Brewhoufe,  in  which  I fir  ft  introduced 
my  improvements.  But  though  the  alteration  of 
form,  diminution  of  the  thicknefs  of  the  metal,  &c. 
w'hich  I had  introduced  in  conftrufting  the  new 
Boiler,  and  alfo  in  the  manner  of  fitting  it  up,  had 
produced  a confiderable  faving  of  Fuel,  yet  it  was 
not  accompanied  by  a proportional  laving  of  time. 
I had  flattered  myfelf  that  by  making  the  Boiler 
very  thin  and  very  Jhallow , 1 fhould  bring  its  con- 
tents to  boil  in  a very  Jhort  time  ; but  I did  not  con- 
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fider  how  much  time  is  neceffary  for  the  combuf- 
tion  of  the  Fuel  neceffary  for  heating  fo  large  a 
quantity  of  water  ; otherwife  my  expeditions  on 
this  head  would  have  been  lefs  fanguine.  The 
quantity  of  heat  generated  in  any  given  time  being 
as  the  quantity  of  Fuel  confumed,  it  muft  depend 
in  a great  meafure  on  the  fize  of  the  fire-place ; 
and  when  it  is  required  to  heat  a large  quantity  of 
water,  or  of  any  liquid,  in  a very  fhort  time,  either 
the  fire-place  muft  be  large,  or  (what  in  my  opinion 
would  be  ftill  better)  a number  of  feparate  fire- 
places,— two  or  three,  for  inftance,  or  even  a 
greater  number, — may  be  made  under  the  fame 
Boiler.  The  Boiler  fhotild  be  made  wide  and  fhallow, 
in  order  to  admit  of  a great  number  of  flues,  in  which 
the  flame  and  fmoke  of  the  different  Fires  fhould  be 
made  to  circulate  feparateiy  under  its  bottom. 

The  combuftion  of  the  Fuel,  and  confequently 
the  generation  and  communication  of  the  heat, 
may  in  the  fame  fire-place  be  confiderably  accele- 
rated by  increafing  the  draught  (as  it  is  called)  of  the 
Fire  ; which  may  be  done  by  increafing  the  height 
of  the  chimney,  or  by  enlarging  the  canal  leading 
to  the  chimney,  and  keeping  the  damper  open, 
when  that  paffage  is  too  finall  j — jor  by  fhortening 
the  length  of  the  flues. 

The  mafter  brewer  having  expreffed  a wifh  that 
forne  contrivance  might  be  ufed  by  which  the  water 
might  be  made  to  boil  a little  fooner  in  the  new 
Boiler,  I made  an  alteration  in  its  fire-place  which 
completely  anfwered  that  purpofe. 

5F 


But 


127 


and  the  Economy  of  Fuel. 

But  befides  the  defire  I had  to  oblige  the  mafter 
brewer,  (who  only  thought  how  he  could  contrive 
to  finifh  as  early  as  poffible  his  day’s  work,)  I had 
another,  and  much  more  important  object  in  view. 
Having  had  reafon  to  fufpeft  that  flues  which  go 
round  on  the  outfide  of  large  Boilers  do  little  more 
than  prevent  the  efcape  of  the  heat  by  their  fid.es, 
— which,  with  infinitely  lefs  trouble  and  Iefs  ex- 
pence, may  be  prevented  by  other  means, — I was 
defirous  of  finding  out,  by  a decifive  Experiment, 
the  real  amount  of  the  advantages  gained  by  thofe 
flues  ; or  the  faving  of  Fuel  which  they  produce. 
And  as  I was  confident  that  the  fuppreflion  of  the 
flue  which  went  round  the  new  Boiler  would  in- 
creafe  the  draught  of  the  fire-place,  and  accelerate 
the  combuftion  of  the  Fuel,  I concluded  that  if  my 
opinion  was  well  founded  w'ith  refpeft  to  the  finall- 
nefs  of  the  advantages  derived  from  thefe  Jide 
flues , the  increafe  of  heat  arifing  from  the  accelera- 
tion of  the  combuftion  occafioned  by  the  increafed 
draught  on  clofing  them  up  would  more  than  coun- 
terbalance the  lofs  of  thofe  advantages,  and  the 
time  employed  in  heating  the  water  would  be  found 
to  be  actually  lefs  than  it  was  before. 

The  refults  of  the  following  Experiments  (how 
how  far  my  fufpicions  were  founded. 

Experiment , No.  32. 

The  flue  round  the  outfide  of  the  new  Brewhoufe 
Boiler  having  been  clofed  up,  and  two  canals 
(a  and  b.  Fig.  2 1 .)  formed  from  the  end  of  the  two 

outfide 
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outfide  flues  of  thofe  fituated  under  the  Boiler,  by 
which  two  canals  (which  were  both  furnifhed  with 
dampers)  the  fmoke  pafled  off  from  under  thd 
Boiler  dire&ly  into  the  chimney  ; the  Experiment 
No.  3 1 . which  Was  made  with  the  fame  Boiler  be- 
fore the  outfide  flues  were  clofed  up,  was  now  re- 
peated with  the  utmoft  care,  in  order  to  afcertairi 
the  effects  which  thecloung  up  of  thofe  flues  would 
produce.  The  quantity  of  water  in  the  Boiler,  and 
its  temperature  at  the  beginning  of  the  Experiment, 
Were  the  fame;  — the  wood  ufed  as  Fuel  was  taken 
from  the  fame  parcel,  and  it  was  put  into  the  fire- 
place in  the  fame  quantities,  and  at  the  fame  intervals 
of  time  ; — in  fhort,  every  circumflance  was  the  fame 
in  the  two  Experiments,  excepting  only  the  altera- 
tions which  had  been  made  in  the  fire-place.  As 
the  length  of  the  flues  through  which  the  flame  and 
fmoke  were  obliged  to  pafs  to  get  into  the  chimney 
had  been  diminifhed  more  than  half,  (or  reduced 
from 70  to  above  3ofeet,)the  ftrength  of  the  draught 
of  the  fire-place  was  much  increafed,  as  was  evident 
not  only  from  the  increafed  violence  of  the  combuf- 
tionof  the  Fuel,  which  was  very  apparent,  but  alfo 
from  another  circumflance,  which  I think  it  my 
duty  to  mention.  Before  the  flue  round  the  Boiler 
was  clofed,  if  too  much  Fuel  was  put  into  the  fire- 
place at  once,  it  not  only  did  not  burn  with  a clear 
flame,  but  frequently  the  fmoke,  and  fometimes 
the  flame,  came  out  of  the  fire-place  door,  even 
when  the  damper  in  the  chimney  was  wide  open  ; 
but  after  this  flue  was  clofed  up,  it  was  found  t-o  be 

hardly 
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hardly  poffible  to  overcharge  the  fire-place*  and  the 
Fuel  always  burned  with  the  utmofi:  vivacity. 

I ought  to  inform  my  Reader,  that  though  the 
entrance  into  the  flue  which  went  round  the  out- 
lide  of  the  Boiler  was  clofed,  and  another  and  a 
fhorter  road  opened  for  the  flame  and  fmoke  to 
pafs  off  mto  the  chimney,  yet  the  Cavity  of  the 
flue  remained  ; and  by  means  of  openings  (c  c c 
c c c Fig.  21.  Plate  V.)  about  fix  inches  fquare 
in  the  brick-work  which  feparated  this  old  road 
(which  was  now  fliut  up)  from  the  flues  under  the 
Boiler , the  flame  was  permitted  to  pafs  into  this 
cavity,  and  to  fpread  itfelf  round  the  outfide1  of  the 
Boiler.  This  contrivance  (which  I would  recom- 
mend for  all  Boilers)  not  only  prevents  the  efcape 
of  the  heat  out  of  the  Boiler  by  its  fides,  but  con- 
tributes fomething  towards  heating  it ; and  as  the 
openings  in  the  fides  of  the  flues  do  not  fenfibly 
impede  the  motion  of  the  flame,  they  can  do  no 
harm. 

As  the  two  Experiments,  the  refults  of  which  I 
am  about  to  compare,  were  made  with  the  greatefl: 
care,  and  as  they  are  on  feveral  accounts  uncom- 
monly interefling,  I fhall  place  them  in  a confpicu- 
ous  point  of  view. 
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A Comparative  View  of  two  Experiments 
made  with  a new  Brewhoufe  Boiler. 

The  time  is  reckoned  from  the  beginning  of  the  Expe- 
riment, and  was  the  fame  in  both  Experiments. 


Quantity  of  water  in  the  Boiler  11,368  lbs.  Bava- 
rian weight. 


Time  frojn 
the  begin- 
ning of  the 

Experiment. 

\ 

Fuel  put  into  the 
fire-place. 

Heat  of  the  water  in  the 
Boiler. 

Number 
of  billets. 

Qu  unity 
in  weight. 

Experiment 
No.  31, 
(outfide  flue 
open.) 

Experiment 
No.  32, 
(outfide  flue 
clofed.) 

hrs. 

min. 

No. 

lbs. 

degrees. 

degrees. 

— ■ 

— 

80 

IOO 

65i 

65^ 

0 

l6 

40 

50 

79 

82 

0 

3° 

40 

5° 

90 

94 

0 

53 

40 

5° 

107 

1 10 

1 

6 

40 

50 

1 1 8 

122 

I 

23 

4° 

5° 

130 

J3  5 

1 

37 

40 

50 

140 

147 

i 

54 

40 

50 

J55 

160 

2 

9 

40 

50 

165 

171 

2 

24 

40 

5° 

175 

183 

2 

39 

40 

5° 

182 

j9i 

2 

54 

40 

5o 

200 

— 

- . 2 

59 

— 

— 

; — 

boiled 

3 

7 

— 

— 

boiled 

— 

Having  found  by  comparing  the  refults  of  thefe 
two  Experiments,  that  I had  loft:  nothing  in  refpett 
to  the  Economy  of  Fuel,  by  {hutting  up  the  outfide 
flue  of  my  Boiler,  I was  now  defirous  of  afcer- 
taining  how  much  I had  gained  in  point  of  time, 

or 
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t>r  how  much  the  increafed  draught  of  the  fire-place, 
in  confequence  of  its  flues  being  fhortened,  en- 
abled me  to  abridge  the  time  employed  in  cauf- 
ing  the  contents  of  the  Boiler  to  boil,  in  cafes  in 
which  it  fhould  be  advantageous  to  expedite  that 
procefs  at  the  expence  of  a fmall  additional  quan- 
tity of  Fuel.  % 

By  the  following  Experiment,  in  which  the  com- 
buftion  of  the  Fuel  was  made  as  rapid  as  poflible 
by  keeping  the  fire-place  full  of  wood,  and  the  re- 
gifter  in  the  afh-pit  door  and  the  damper  in  the 
chimney  conflantly  quite  open,  may  be  feen  how 
far  I fucceeded  in  the  attainment  of  that  object. 


: i 
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Experiment , No.  33. 

The  Boiler  contained  11,368  lbs.  Bavarian 
weight  of  water  at  the  temperature  of  470.  The 
Fuel  ufed  was  pine-wood,  moderately  feafoned,  in 
billets  three  feet  four  inches  long,  and  fplit  into 
fmall  pieces  of  about  1 lb.  each,  that  it  might 
burn  the  more  rapidly. 

This  Experiment  was  made  the  29th  of  Novem- 
ber 1796,  the  barometer  Handing  at  26  inches  8.7 
lines  Paris  meafure,  and  Fahrenheit’s  thermometer 
at  330. 


Time. 

Fuel  put  into  the 
fire-place. 

Tempera- 
ture of  the 
water  in 
the  copper 

lirs.  min. 

lbs. 

degrees. 

2 0 

100 

47 

— 14 

100 

58 

~ 34 

100 

88 

— 51 

100 

100 

3 9 

100 

123 

— 25 

100 

144 

— 39 

100 

>5* 

4 0 

100 

— 

JO 

— 

200 

~ 1 7 

— 

boiled 

Time  employed  - 2 17  j 

Wood  confumed  - 800 

In  the  Experiment  No.  32,  the  fame  quantity 
of  water  at  the  temperature  of  65 f°,  was  made  to 
boil  in  2 hours  59  minutes,  with  the  confumption 
of  625  lbs.  of  the  fame  kind  of  wood.  Had  the 
water  in  this  Experiment  been  as  cold  as  it  was  in 
the  Experiment  No.  33,  (namely  at  the  tempera- 
ture 
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cure  of  470,)  indead  of  625  lbs.,  705  lbs.  of  the 
Fuel  would  have  been  neceflary  ; and  the  procefs, 
indead  tif  lading  2 hours  and  59  minutes,  would, 
have  laded  3 hours  and  22  minutes. 

Hence  we  may  conclude,  that  to  abridge  1 hour 
and  5 minutes  of  3 hours  and  22  minutes  in  the 
procefs  of  boiling  11,368  lbs.  of  water,  this  cannot 
be  done  at  a lefs  additional  expence  of  Fuel  than 
that  of  95  lbs.  of  pine- wood  ; — or,  to  abridge  the 
time  one -third,  there  mud  be  an  additional  expenc.e 
of  about  one-eighth  more  Fuel. 

In  fome  cafes  it  will  be  mod  profitable  to  fave 
time  ; in  others  to  economife  Fuel ; — and  it  will  al- 
ways be  defirable  to  be  able  to  do  either,  as  circum- 
dances  may  render  mod  expedient. 

From  a comparifon  of  the  quantities  of  Fuel 
confumed,  and  confequently  of  heat  generated,  in 
the  fame  time,  with  the  quantities  of  heat  actually 
communicated  to  the  water,  in  the  Experiments 
No.  32  and  No.  33,  during  this  time,  an  idea  may 
be  formed  of  the  great  quantity  of  heat  that  may 
remain  in  flame  and  fmoke  after  they  have  pafled 
many  feet  in  flues  under  the  thin  bottom  of  a Boiler 
containing  cold  water  ; and  this  fliows  with  how 
much  difficulty  thefe  hot  vapours  part  with  their 
heat,  and  how  important  it  is  to  be  acquainted  with 
that  fa<d  in  order  to  take  meafures  with  certainty 
for  economifmg  Fuel. 

I have  been  the  more  particular  in  my  account 
of  thefe  Experiments  with  large  Boilers,  as  I believe 
no  Experiments  of  the  kind  on  fo  large  a fcale  have 
been  yet  made  5 and  as  they  were  all  condu&ed 
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with  care,  their  refults  have  intrinfic  value  inde* 
pendent  of  the  particular  ufes  to  which  I have  ap- 
plied them. 

Of  the  relative  Quantities  of  Heat  producible  from 
different  Kinds  of  Fuel. 

As  in  the  countries  where  this  Efiay  is  likely  to 
be  moll  read,  pit-coals  are  more  frequently  ufed  as 
Fuel  than  wood,  it  will  not  only  be  fatisfa&ory,  but 
in  many  cafes  may  be  really  ufeful  to  my  Reader  to 
know  the  relative  quantities  of  heat  producible 
from  coals  and  from  wood ; in  order  to  be  able  to 
compare  the  refults  of  Experiments  in  which  coals 
are  ufed  as  Fuel,  with  thofe  of  which  I have  here 
given  an  account ; or  to  determine  the  quantity  of 
coals  necelfary  in  any  procefs  which  it  is  known 
may  be  performed  with  a given  quantity  of  wood. 

It  was  my  intention  to  have  made  a fet  of  Expe- 
riments on  purpofe  to  determine  the  relative  quan- 
tities of  heat  producible  from  all  the  various  kinds 
of  combuftible  bodies  which  are  ufed  as  Fuel ; and 
I made  preparations  for  beginning  them,  but  I have 
not  yet  been  able  to  find  leifure  to  attend  to  the 
fubjeft. 

The  molt  fatisfa&ory  account  I have  been  able 
to  procure  refpedting  the  matter  in  queftion,  is  one 
for  which  I am  indebted  to  my  friend  Mr.  Kir  wan. 
By  this  account,  which  he  tells  me  is  founded  on 
Experiments  made  by  Mr.  Lavoi/ier,  it  appears, 
that  equal  quantities  of  water,  under  equal  furfaces, 
may  be  evaporated,  and  confequently  equal  heats 
produced,  ' 
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By  403  lbs.  of  Coaks 
600  — of  Pit-coal 
600  — of  Charcoal 
1089  — - of  Oak 


} 


' By 


or  in  meafure  < 


17  of  Coaks 
ic  of  Pit-coal 
40  of  Charcoal 
33  of  Oak. 


I wifh  I were  at  liberty  to  tranfcribe  the  ingenious 
and  interefling  obfervations  that  accompanied  this 
eflimate  ; but  as  they  make  part  of  a work  which  I 
underfland  is  preparing  for  the  Prefs,  I dare  not 
anticipate  what  Mr.  Kir  wan  will  himfelf  foon  lay 
before  the  Public. 

According  to  this  .eflimate  it  appears  that 
1089  lbs.  of  oak  produces  as  much  heat  in  its 
eombuftion  as  600  lbs.  of  pit-coal.  Now,  if  we 
fuppofe  that  the  pine-wood  ufed  in  my  Experi- 
ments is  capable  of  producing  as  much  heat  per ' 
pound  as  oak, — and  I have  reafon  to  think  it  does 
not  afford  lefs,--— from  the  quantity  of  pine-wood 
ufed  in  any  of  my  Experiments,  it  is  eafy  to  afcer- 
tain  how  much  coal  would  have  been  neceffary  to 
generate  the  fame  quantity  of  heat ; for  the  weight 
of  the  coal  which  would  be  required  is,  to  the 
weight  of  the  wood  actually  confumed,  as  600  to 
1089. 

In  one  of  my  Experiments  (No.  31,) — 11,368  lbs. 
of  water,  at  the  temperature  of  65  ±°,  were  made 
to  boil  with  650  lbs.  of  pine-wood.  As,  when  the 
Experiment  was  made,  the  mercury  in  the  baro- 
meter flood  at  about  28  Englifh  inches,  the  tern*- 
perature  of  the  water  when  it  boiled  was  only 
?o9§°,  consequently  its  temperature  was  raifed 
(209 1 — 65^)  144  degrees.  Had  the  water  been 
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boiled  in  London,  or  in  any  other  place  nearly  on 
a level  with  the  furface  of  the  fea,  it  muft  have, 
been  heated  to  212°  to  have  been  made  to  boij, 
confequently  its  temperature  muft  have  been  raifed 
146 1°;  and  to  have  done  this,  inftead  of  650  lbs. 
of  wood,  66 1 4-  lbs.  would  have  been  required; 
(140°  is  to  650  lbs.  as  1464°  to  661  f lbs. 

If  pit-coal  were  ufed  inftead  of  wood,  3634.  lbs. 
of  that  kind  of  Fuel  would  have  been  fufficient ; — 
for  the  quantities  in  weight  of  different  kinds  of 
Fuel  required  to  perform  the  fame  procefs  being 
inverfely  as  the  quantities  of  heat  which  equal 
weights  of  the  given  kinds  of  Fuel  are  capable  of 
generating,  or  dire&ly  as  the  quantities  of  the  kind 
of  Fuel  in  queftion,  which  are  required  to  produce 
the  fame  heat,  it  is  1089  to  600,  as  6614-  lbs.  of 
wood  to  363^  lbs.  of  coal,  fuppofrng  the  foregoing 
eftiinate  to  be  exadf. 

Whether  it  would  be  poflible  to  caufe  fo  large  a 
quantity  of  water,  (1681  wine  gallons,)  at  the  given 
temperature,  (65L0,)  to  boil,  with  this  fmall  quan- 
tity of  coal,  I leave  to  thofe  who  are  converfant  in 
Experiments  of  this  kind  to  determine. 

From  the  refult  of  my  20th  Experiment  it  ap- 
peared that  20tl  lbs.  of  ice-cold  water  might  be 
heated  180  degrees,  or  made  to  boil  under  the 
mean  preffure  of  the  atmofphere  at  the  level  of  the 
furface  of  the  ocean,  with  the  heat  generated  in  the 
combuftion  of  1 lb.  of  pine-wood.  Computing 
from  the  refult  of  this  Experiment,  and  from  the 
relative  quantities  of  heat,  producible  from  pine- 

wood, 
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wood,  and  from  pit-coal,  it  appears  that  the  heat 
generated  in  the  combullion  of  1 lb.  of  pit-coal, 
would  make  3 6TV  lbs.  of  ice-cold  water  boil. 

Hence  it  appears  that  pit-coal  fhould  heat  36 
times  its  weight  of  water,  from  the  freezing  point 
to  that  of  boiling  ; — and  as  it  has  been  found  by 
Experiments  made  with  great  care  by  Mr.  Watt, 
that  nearly  5^  times  as  much  heat  as  is  fufficient 
to  heat  any  given  quantity  of  ice-cold  water  to  the 
boiling  point,  is  required  to  reduce  the  fame  quan- 
tity of  water,  already  boiling-bot , to  fleam  ; accord- 
ing to  this  eflimation,  the  heat  generated  in  the 
combuflion  of  i lb.  of  coal  fhould  be  fufficient 
to  reduce  very  nearly  7 lbs,  of  boiling-hot  water  to 
fleam. 

How  far  thefe  eflimates  agree  with  the  Experi- 
ments that  have  been  made  with  fleam-engines,  I 
know  not ; but  there  feems  to  be  much  reafon  to 
fufpefl  that  the  expence  of  Fuel,  in  working 
thofe  engines,  is  confiderably  greater  than  it  ought 
to  be,  or  than  it  would  be,  were  the  Boilers  and 
Fire-places  conflrufled  on  the  befl  principles,  and 
the  Fire  properly  managed. 

An  Ejlimate  of  the  real  Amount  of  the  Lofs  of 
He/it  in  culinary  Procejfes. 

In  attempts  to  improve,  it  is  always  very  defir- 
able  to  know  exactly  what  progrefs  has  been 
made; — to  be  able  to  meafure  the  diflance  we 
have  laid  behind  us  in  our  advances ; and  alfo  that 
which  flill  remains  between  us  and  the  objefl  in 
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view.  The  ground  which  has  been  gone  over  is 
eafily  meafured  ; but  to  eftimate  that  which  dill  lies 
before  us  is  frequently  much  more  difficult. 

The  advances  I have  made  in  my  attempts  to 
improve  fire-places,  for  the  purpofe  of  economif- 
ing  Fuel,  may  be  eftimated  by  the  refults  of  the 
Experiments  of  which  I have  given  an  account  in 
this  Effay  ; but  it  would  be  fatisfa&ory,  no  doubt, 
to  know  how  much  farther  it  is  poffible  to  pufh  the 
Economy  of  Fuel. 

In  my  4th  Experiment,  lbs.  of  water,  at  the 
temperature  of  58°,  were  made  to  boil,  at  Munich, 
with  6 lbs,  of  wood.  If,  from  the  refult  of  this 
Experiment,  we  compute  the  quantity  of  ice-cold 
water  which,  with  the  heat  generated  in  the  com- 
buftion  of  1 lb,  of  the  Fuel,  might  be  heated  180 
degrees,  or  made  to  boil,  it  will  turn  out  to  be  only 
1)  lb.  or  more  exactly  1 . 1 1 lb. 

According  to  the  refult  of  the  Experiment 
No.  20,  it  appeared,  that  no  Iefs  than  2orV  lbs.  of 
ice-cold  water  might  have  been  made  to  boil  with 
the  heat  generated  in  the  combuflion  of  1 lb.  of 
pine-wood. 

It  appears,  therefore,  that  about  eighteen  times  as 
much  Fuel,  in  proportion  to  the  quantity  of  water 
heated,  was  expended  in  the  Experiment  No.  4,  as 
in  that  No.  20  ; and  hence  we  may  conclude  with 
the  utinofl  certainty,  that  of  the  heat  generated,  or 
which,  with  proper  management,  might  have  been 
generated  in  the  combultion  of  the  Fuel  ufed  in 
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jthe  4th  Experiment,  lefs  than  TV  part  was  em. 
ployed  in  heating  the  water  ; — the  remainder, 
amounting  to  more  than  44  of  the  whole  quantity, 
being  difperfed  and  loft. 

I ventured  to  give  it  as  my  opinion  in  the  begin- 
ning of  this  Effay,  that  ft  not  lefs  than  j even-eighths 
of  the  heat  generated,  or  which,  with  proper  ma- 
“ nagement,  might  be  generated  from  the  Fuel  ac- 
“ tually  confumed,  is  carried  up  into  the  atmofphere 
with  the  fnioke,  and  totally  loft.” — I will  leave  it 
to  my  Reader  to  judge  whether  this  opinion  was 
not  founded  on  good  and  fufficient  grounds. 

But  though  it  be  proved  beyond  the  poffibility 
of  a doubt,  that  the  procefs  of  heating  water  was 
performed  in  the  20th  Experiment  with  about 
part  of  the  proportion  of  Fuel  which  was  ac- 
tually expended  in  the  4th  Experiment,  yet  nei- 
ther of  thefe  Experiments,  nor  any  deductions  that 
can  be  founded  on  their  refults,  can  give  us  any 
light  with  refpeCt  to  the  real  lofs  of  heat,  or  how 
much  lefs  Fuel  would  be  fufficient  were  there  no 
lofs  whatever  of  heat.  The  Experiments  ffiow 
that  the  lofs  of  heat  muft  have  been  at  leaft  eighteen 
times  greater  in  one  cafe  than  in  the  other  ; but 
they  do  not  afford  grounds  to  form  even  a probable 
conjecture  refpeCting  the  amount  of  the  lofs  of  heat 
in  the  Experiment  in  which  the  Economy  of  Fuel 
was  carried  the  fartheft,  or  the  poffibility  of  any 
farther  improvements  in  the  conftru&ion  of  fire- 
places. I fhall,  however,  by  availing  myfelf  of  the 
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labours  of  others,  and  comparing  the  refults  of 
their  Experiments  with  mine,  endeavour  to  throw 
fome  light  on  this  abflrufe  fubject. 

Doctor  Crawford  found,  by  an  Experiment, 
contrived  with  much  ingenuity,  and  which  appears 
to  have  been  executed  with  the  utmofl  care,  that 
the  heat  generated  in  the  combuflion  of  30  grains 
of  charcoal  raifed  the  temperature  of  3 1 lbs.  7 oz. 
Troy=i8  1,920  grains  of  water,  iTy^-  degrees  of 
Fahrenheit’s  thermometer,  when  none  of  the  heat 
generated  was  fuffered  to  efcape. 

But  if  30  grains  of  charcoal  are  necefTary  to  raife 
the  temperature  of  181,920  grains  of  water 
degrees,  it  would  require  3157.9  grains  of  charcoal 
to  raife  the  temperature  of  the  fame  quantity  of 
water  180  degrees,  or  from  the  point  of  freezing 
to  that  of  boiling;  for  it  is  1.7  i°  to  30  grains, 
as  i8o°  to  3157.9  grains,  Confequently  the  heat 
generated  in  the  combuflion  of  1 lb.  of  charcoal 
would,. be  fufficient  to  heat  57.608  lbs.  of  ice-cold 
water  180  degrees,  or  to  make  it  boil ; — for  3157*9 
grains  of  charcoal  are  to  181,920  grains  of  water  as 
1 lb.  of  charcoal  to  57.608  lbs.  of  water. 

From  the  refults  of  Mr.  Lavoisier’s  Experi- 
ments, it  appeared  that  the  quantities  of  heat  gene- 
rated in  the  combuflion  of  equal  weights  of  char- 
coal and  dry  oak,  are  as  1089  to  600.  Hence  we 
may  conclude,  that  equal  quantities  of  heat  are 
generated  by  1 lb.  of  charcoal  and  1,8.15  ^s*  °f  oak; 
confequently  that  the  heat  generated  in  the  com- 
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bullion  of  1.815  °f  oak,  would  heat  57.6 08  lbs. 

of  ice-cold  water, — or  1 lb.  of  oak,  3 1.74  lbs.  of 
ice-cold  water  180  degrees,  or  caufe  it  to  boil ; — 
were  no  part  of  the  heat  generated  in  the  comhuftion 
of  the  Fuel  loft. 

If  now  we  fuppofe  the  quantities  of  heat  pro- 
ducible from  equal  weights  of  dry  oak  and  of  dry 
pine-wood  to  be  equal, — (and  there  is  reafon  to 
believe  that  this  fuppofition  cannot  be  far  from  the 
truth,)— we  can  eflimate  the  real  lofs  of  heat  in  each 
of  the  two  Experiments  before  mentioned,  (No.  4 
and  No.  20,)  as  alfo  in  every  other  cafe  in  which 
the  quantity  of  Fuel  confumed,  and  the  effedls  pro- 
duced by  the  heat,  are  known. 

Thus,  for  inftance,  in  the  20th  Experiment,  as 
the  effects  actually  indicated  that  with  that  part  of 
the  heat  generated  in  the  combuftion  of  1 lb.  of  the 
Fuel  which  entered  the  Boiler , 20— lbs.  of  ice-cold 
water  might  have  been  made  to  boil ; as  by  the 
above  eflimate  it  appears  that  3 i-Vo  lbs.  of  ice- 
cold  water  might  be  made  to  boil  with  all  the  heat 
generated  in  the  combuftion  of  i lb.  of  the  Fuel — 
it  is  evident  that  about  one-third  of  the  heat  gene- 
rated, was  loft  ; or  tV.tT  of  it  was  faved. 

This  lofs  is  certainly  not  greater  than  might 
reafonably  have  been  expelled,  efpecially  when  we 
confider  all  the  various  caufes  which  confpire  in 
producing  it ; and  I doubt  whether  the  Economy 
of  Fuel  will  ever  be  canied  much  farther. 

In  the  Experiment  No.  4,  as  the  effects  pro- 
duced by  the  heat  which  entered  the  Boiler  indi- 
cated 
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cated  that  no  more  than  1.141b.  of  ice-cold  v^atef 
could  have  been  made  to  boil  with  1 lb.  of  the 
Fuel,  it  appears  that  in  this  Experiment  only  about 
-^th  part  of  the  heat  generated  was  faved. 

In  all  the  Experiments  made  on  a very  large 
fcale,  with  Brewhoufe  Boilers,  rather  more  than 
one-half  of  the  heat  generated  found  its  way  up  the 
chimney,  and  was  loft- 


4 


and  the  Economy  of  Fuel . 143 


CHAP.  VI. 

A Jhort  Account  of  a Number  of  Kitchens,  public  and 
private , and  Fire-places  for  various  U/es,  which 
have  been  conftruded  under  the  Direction  of  the 
Author , in  different  Places. — Of  the  Kitchen  of 
the  House  of  Industry  at  Munich — Of  that 
of  the  Military  Academy—  Of  that  of  the 
Military  Mess-House — that  of  the  Farm- 
House,  and  thofe  belonging  to  the  Inn  in  the 
English  Garden  at  Munich. — Of  the  Kit- 
chens of  the  Hofpitals  of  La  Pieta  ; and  La  Mi- 
oERICOrdia  at  Verona. — Of  a fmall  Kitchen 
fitted  up  as  a Model  in  the  Houfe  of  Sir  John 
Sinclair  Bart . in  London. — Of  the  Kitchen 
of  the  Foundling  Hospital  in  London. — Of 
a Military  Kitchen  for  the  Ufe  of  Troops  in 
Camp. — Of  a Portable  Boiler  for  the  Ufe  of 
Troops  on  a March. — Of  a large  Boiler  ftted 
up  as  a Model  for  Bleachers  at  the  Linen- 
Hall  in  Dublin. — Of  a Fire-place  for  cook- 
ing, and  at  the  fame  Time  warming  a large 
Hall  ; and  of  a perpetual  Oven,  both  ftted 
up  in  the  House  of  Industry  at  Dublin. — Of 
the  Kitchen — Laundry — Chimney  Fire- 
places— Cottage  Fire-place — and  Model 
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of  a Lime-kiln— fitted  up  in  Ireland,  in  the 
Houfe  of  the  Dublin  Society. 

■jy  /sy  wifh  to  give  the  molt  complete  information 
poflible,  with  regard  to  the  grounds  on  which 
the  improvements  I propofe  are  founded,  has  in- 
duced me  to  be  very  particular  in  my  account  of 
my  Experiments,  and  of  the  conclufions  and  prac- 
tical inferences  I have  thought  myfelf  authorifed  to 
draw  from  them ; and  as  thefe  inveftigations  have 
frequently  led  me  into  abltrufe  philofophical  dif- 
quifitions,  which  might  not  perhaps  be  very  inte- 
refling  to  many  of  my  readers,  to  whom  a fimple 
account  of  my  Fire-places,  with  diredions  for  con- 
(truding  them,  might  be  really  ufeful ; in  order  to 
accommodate  readers  of  all  deferiptions,  I have 
thought  it  beft  to  divide  my  fubjed,  and  to  referve 
what  I have  hill  to  fay  on  the  mechanical  part  of 
it, — the  Conllrudion  of  Kitchen  Fire-places, — for 
a feparate  Elfay.  In  the  mean  time,  for  the  in- 
formation of  thofe  who  may  have  opportunities  of 
examining  any  of  the  Kitchens, — or  Fire-places,  for 
other  purpofes, — which  have  already  been  con- 
ftruded  on  my  principles,  under  my  diredion,  I 
have  annexed  the  following  account  of  them,  and 
of  the  particular  merits  and  imperfedions  of  each 
of  them.  This  account,  added  to  what  has  been 
faid  in  the  foregoing  Chapters  of  this  Elfay  on  the 
conflrudion  of  Fire-places,  will,  I flatter  myfelf,  be 
found  fufficient  to  convey  the  fulled  information  re- 
fpeding  the  fubjed  under  confideration,  and  enable 
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thofe,  who  may  wifh  to  adopt  the  propofed  im- 
provements, to  conflrudl  Fire-places  of  all  kinds  on 
the  principles  recommended,  without  any  farther 
ajfiftance. 

Thofe  who  may  not  have  leifure  to  enter  into 
thefe  fcientific  invefligations,  and  who,  notwith- 
flanding,  may  wifh  to  imitate  thefe  inventions^  will 
find  all  the  information  they  can  want  in  my  next 
Effay. 


An  Account  of  the  Kitchen  of  the  House  of  Industry 
at  Munich,  in  its  prefent  State. 

The  large  circular  copper  boiler  (which  is  fitu- 
ated  in  a fmall  room  adjoining  to  the  great  Kit- 
chen) is  fitted  up  in  a very  complete  manner ; — 
its  (wooden)  cover  is  cheap,  fimple,  and  durable, 
and  anfwers  perfedlly  well  for  confining  the  heat  5 
— the  fleam  tube  (or  fleam  chimney,  as  I have 
called  it)  is  very  ufeful,  as  it  carries  off  all  the 
fleam  generated  in  cooking,  and  keeps  the  air 
of  the  Kitchen  dry  and  wholefome. — To  carry  off 
the  fleam  which  rifes  from  the  hot  foup  when  it  is 
ferved  up,  there  is  a fleam-chimney  of  wood,  (fur- 
nifhed  with  a valve,)  the  opening  of  which  is  fitu- 
ated  at  the  highefl  part  of  the  Kitchen.  To  pre- 
vent the  cold  air  from  coming  down  by  this  paflage 
into  the  Kitchen,  its  damper  (which  is  opened  and 
fhut  by  a cord  which  goes  over  a pulley)  is,  in 
winter,  kept  conflantly  fhut,  except  juft  when  it 
vol.  11.  l is 
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is  necefiary  to  open  it  for  a moment  to  let  out  the 
fleam. 

The  only  alteration  I would  make,  were  I to  fit 
up  this  boiler  again,  would  be  to  leave  openings 
by  which  the  flues  might  be  cleaned  occafionally, 
without  lifting  the  boiler  out  of  its  place. — This 
fhould  be  done  in  the  fire-places  of  all  large  boilers. 
This  boiler,  which  is  ufed  every  day,  requires  to 
have  its  flues  cleaned,  and  its  bottom  and  fides 
lcrubbed  with  a broom,  to  free  them  of  foot,  once 
in  fix  weeks. 

Over  againft  this  boiler  is  a machine  for  drying 
potatoes,  which  has  been  found  to  anfwer  perfectly 
well  the  end  for  which  it  was  contrived.  Potatoes 
firft  moderately  boiled,  and  then  Ikinned  and  cut 
into  thin  flices,  and  dried  in  this  machine,  may  be 
kept  good  for  many  years. 

The  eight  iron  boilers  in  the  great  Kitchen  are 
fitted  up  on  good  principles ; and  the  oven  which 
is  heated  by  the  fmoke  from  the  fire-places  of  two 
of  thefe  boilers,  (which  oven  is  deftined  for  drying 
the  wood  for  the  ufe  of  this  Kitchen,)  is  deferving 
of  attention. 

The  wooden  covers  of  thefe  eight  boilers,  and  the 
horizontal  tubes,  conftrudted  of  wood  wound 
round  with  canvas  and  painted  with  oil  colours, 
by  which  the  fleam  is  carried  off,  have  been  found 
to  anfwer  very  well  the  purpofes  for  which  they 
were  contrived. 
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The  Kitchen  of  the  Military  Academy  at  Munich. 

This  Kitchen  in  its  prefent  ftate  is  fo  perfect  in 
all  its  parts,  that  I do  not  think  it  capable  of  any 
confiderable  improvement.  The  roafler , which  has 
been  in  daily  ufe  feven  years , is  (till  in  good  con- 
dition, and  bids  fair  to  laft  twenty  years  longer. — 
It  is  large  and  roomy,  and  has  been  found  to  be 
extremely  ufeful.  Though  the  different  parts  of 
this  Kitchen  are  not  diftributed  with  fo  much  fym- 
metry  as  could  have  been  wifhed,  owing  to  local 
circumftances,  yet  it  is  very  complete  in  its  various 
details,  and  all  the  various  proceffes  of  cookery  are 
performed  in  it  with  little  labour,  and  with  a very 
fmall  expence  indcpd  of  Fuel.  Two  large  boilers 
and  three  large  ftewpans,  which  are  fitted  up  in 
a detached  mafs  of  brick-work  in  a corner  of  the 
room,  (on  the  right  hand  on  going  into  it,)  I can 
recommend  as  perfect  models  for  imitation.  In 
fhort,  I know  of  nothing  that  I could  wifh  to  alter 
in  this  Kitchen. — To  fay  the  truth,  it  has  already 
undergone  a fufficient  number  of  changes  and 
alterations. 


The  Kitchen  in  the  Military  Hall  or  Officers * Mefs - 
Ho  ufe  in  the  Englijh  Garden  at  Munich. 

This  Kitchen  is  much  lefs  perfect  in  its  details 
than  that  juft  mentioned.— It  was  built  in  the 
fpring  of  the  year  1790,  and  has  fince  undergone 
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only  a few  trifling  alterations.  It  has  three  roaders5 
which  are  made  fmall  on  purpofe  to  ferve  as 
models  for  private  families ; and  I have  had  the 
pleafure  to  know  that  they  have  often  been  imi- 
tated. 

The  Kitchen  in  the  Fanil  Houfe  in  the  Englijh 

Garden. 

This  Kitchen  is  well  contrived  for  the  life  for 
which  it  was  defigned,  and  I can  recommend  it  as 
a very  good  model  for  the  Kitchens  of  Farm- 
houfes,  for  families  confiding  of  eighteen  or  twenty 
perfons.  One  of  the  boilers,  which  is  dedined  for 
warming  water  for  the  ufe  of  the  Kitchen  and  the 
ftables,  is,  in  winter,  heated  by  the  fmoke  of  a Ger- 
man dove,  which  is  fituated  in  an  adjoining  room, — 
that  inhabited  by  the  Overfeer  of  the  farm. 

The  great  Kitchen  of  the  Inn  in  the  Garden. 

This  Kitchen,  which  is  adjoining  to  the  Farm- 
houfe,  is  contrived  almod  for  the  foie  purpofe  of 
roading  chickens  before  an  open  fire,  a kind  of 
food  of  which  the  Bavarians  are  extravagantly 
fond.  It  has  three  open  fire-places,  condrudted  on 
the  principles  recommended  in  my  Eflay  on  Chim- 
ney Fire-places,  fronting  different  fides  of  the 
Kitchen,  and  all  opening  into  the  fame  chimney, 
which  chimney  is  built  nearly  in  the  middle  of  the 
room.  This  Kitchen  was  built  before  my  readers 
were  come  into  ufe. 
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The  J. mall  Kitchen  belonging  to  the  Inn. 

This  Kitchen  has  nothing  belonging  to  it  that 
deferves  attention,  or  that  I would  recommend 
for  imitation.  It  was  originally  defigned  merely 
for  making  coffee,  chocolate,  &c. 

A Kitchen  that  has  lately  been  fitted  up  on  my 
principles,  in  the  new  Hofpital  for  the  infirm 
and  helplefs  Poor,  which  is  fituated  on  the  height 
called  the  Gcijleig , on  the  fide  of  the  river  opposite 
to  the  town  of  Munich,  is  much  more  interefling, 
and  is  a good  model  for  imitation. 


The  Kitchen  of  the  Hofpital  of  La  Piet  a at  Verona 

Is  peculiarly  interefling,  on  account  of  its  conve- 
nient form  and  the  perfect  fymmetry  of  its  parts. 

The  mafs  of  brick- work  in  which  the  boilers  are 
fixed  occupies  the  middle  of  one  fide  of  a large 
high  room,  which  is  plaftered  and  white-wafhed, 
and  neatly  paved.  The  covers  of  the  large  boilers 
are  lifted  up  by  ropes  which  go  over  pullies  fixed  to 
the  ceiling  of  the  top  of  the  room ; but  were  I to 
build  the  Kitchen  again,  I fhould  fubflitute  wooden 
covers  with  fleam  chimnies  inftead  of  them,  fuch 
in  all  refpedts  as  that  belonging  to  the  large  round 
copper  boiler  in  the  Kitchen  of  the  Iioufe  of  In- 
duflry  at  Munich.  When  the  covers  are  fo  large 
that  they  cannot  conveniently  be  lifted  on  and  off 
\vith  the  hand,  they  fhould,  in  my  opinion,  always 
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be  made  of  wood,  and  divided  into  parts,  united  by 
hinges.  When  they  are  defigned  for  confining  the 
fleam  entirely , they  fhould  be  made  on  a peculiar 
conflrudlion,  which  will  hereafter  be  defcribed. 
The  covers  for  fmall  boilers,  and  thofe  for  fauce- 
pans,  fhould  always  be  of  tin,  and  double. 

The  grates  on  which  the  fires  are  made  under  the 
boilers  in  the  Kitchen  of  the  Hofpital  of  La  Pieta, 
are  circular  ; but  they  are  not  hollow,  or  difhing, 
as  that  improvement  did  not  occur  to  me  till  after 
that  Kitchen  was  finifhed.  The  fpiral  flues  under 
the  boilers  are  alfo  wanting,  and  for  the  fame  rea- 
fon.  In  all  other  refpedls  this  Kitchen  is,  I believe, 
quite  perfect. 

The  Kitchen  of  the  Hofpital  of  La  Mifericordia  at 

Verona 

Is  conflrucled  on  the  fame  principles  as  that  of 
La  Pieta.  The  only  difference  between  them  is  in 
the  diflribution  of  the  boilers.  That  of  La  Mi- 
fericordia is  built  round  two  lides  of  the  room. 
In  many  cafes,  this  manner  of  difpqfing  of  the 
boilers  will  be  found  more  convenient  than  any 
other  ; but  in  all  cafes  where  this  method  of  placing 
them  is  preferred,  care  mud  be  taken  to  place 
the  larged  boilers  fartheft  from  the  chimney,  and 
the  fmaller  ones  nearer  to  it,  and  in  regular  fuc- 
celfion  as  their  fizes  diminifh.  This  is  neceffary, 
in  order  that  in  the  mafs  of  brick-work  in  which 
the  boilers  are  fixed,  there  may  be  room  behind 
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the  fmaller  boilers  for  the  canals  which  carry  off 
the  fmoke  from  the  large  ones  into  the  chimney. 

This  circumdance  was  attended  to  in  condruct- 
ing  the  fmall  Kitchen  that  I fitted  up  lad  fpring 
in  the  houfe  of  Sir  John  Sinclair,  Bart.  Prefident 
of  the  Board  of  Agriculture,  Whitehall,  London. 
This  Kitchen  (which  was  intended  to  ferve  as  a 
model,  and  is  open  to  the  public  view  at  all  hours) 
is  by  no  means  as  perfect  as  I wifhed  it  to  be  : — 
Having  been  built  during  my  journey  to  Ireland, 
feveral  midakes  were  made  by  the  workmen  I em- 
ployed, who,  though  they  have  great  merit  in  their 
different  lines  of  bufmefs,  had  not  then  had  fufE- 
cient  experience  in  condrufting  Kitchens  on  my 
principles,  to  be  able  to  execute  fuch  a job  in  my 
abfence  without  committing  fome  faults.  Thofe 
which  were  mod  effential  I corre&ed  ; but  my  day 
in  England  after  my  return  from  Ireland  was  too 
fhort,  and  my  time  too  much  taken  up  with  other 
matters  to  rebuild  the  Kitchen  from  the  found- 
ation ; which  I was  very  defirous  of  doing,  and 
which,  with  the  permiffion  of  the  Proprietor,  I 
fhall  certainly  do  when  I come  to  England  again. 
The  greated  fault  of  the  Kitchen  is  the  want  of 
dampers  to  the  canals  by  which  the  fmoke  is  car- 
ried off  from  the  clofed  fire-places  of  the  boilers 
and  faucepans  into  the  chimney.  Thefe  dampers 
fliould  never  be  omitted  in  any  fire-place,  however 
fmall.  They  are  neceffary,  even  in  fire-places  for 
the  fmalled  faucepans,  and  no  large  boiler  fliould 
on  any  account  be  without  one.  Some  Experi- 
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jnents  I have  lately  made  (fmee  my  return  to  Ba- 
varia) have  fhewed  me  how  very  neceflary  thefe 
dampers  are  ; and  I confider  it  as  my  duty  to  the 
Public  to  lofe  no  time  in  recommending  the  gene- 
ral ufe  of  them.  The  flattering  attention  that 
has  been  paid  by  the  Public  to  the  various  im- 
provements I have  taken  the  liberty  to  propofe,  not 
only  demands  my  warmeft  gratitude,  but  lays  me 
under  an  indifpenfable  obligation  to  exert  myfelf 
to  the  utmoft  to  deferve  their  efteem,  and  to  merit 
the  diftinguilhed  marks  of  their  confidence  with 
which  on  fo  many  occafions  I have  been  honoured. 

But  to  return  to  the  Kitchen  in  the  houfe  of  Sir 
John  Sinclair — (the  place  where  the  meetings  of 
the  board  of  Agriculture  are  held,  and  where  of 
courfe  there  is  a great  concourfe  of  ingenious  men 
from  all  parts  of  the  kingdom, — of  men  zealous 
for  the  progrefs  of  ufeful  improvements) ; as 
the  room  is  very  fmall,  it  wasfc  not  poflible  to  do 
more  in  it  than  juft  to  fit  up  a few  fmall  boilers 
and  faucepans ; and  one  middling-fized  roafter, 
fuch  as  might  ferve  for  a fmall  family  ; which  laft 
is  a machine  fo  very  ufeful  that  I cannot  help  flat- 
tering myfelf  that  it  will  foon  come  into  general 
ufe.  The  faving  of  Fuel  which  it  occafions  is 
almoft  incredible,  and  the  meat  roafted  in  it  is  re- 
markably well-tafted  and  high-flavoured. 

One  of  thefe  roafters,  on  a large  fcale,  was  put 
up,  under  my  diredlion,  in  the  Kitchen  of  the 
Foundling  Hofpital  in  London ; and  though  I 
could  not  ftay  in  England  to  fee  it  finiflied,  I have 

had 
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had  the  fatisfa&ion  to  learn,  fince  my  arrival  at 
Munich,  from  my  friend  Mr.  Bernard,  (who  is 
Treafurer  to  the  Hofpital,)  that  it  has  anfwered 
even  beyond  his  expectations.  He  informs  me, 
that  when  1 1 2 lbs.  of  beef  are  roafted  in  it  at  once, 
the  expence  for  Fuel  amounts  to  no  more  than 
four  pence  fterling  ; and  this  when  the  coals  are 
reckoned  at  an  uncommonly  high  price,  namely, 
at  1 s.  4-d.  the  bufhel. 

In  the  roafter  belonging  to  the  Kitchen  of  the 
Military  Academy  at  Munich,  I caufed  100  lbs. 
Bavarian  weight — (equal  to  123.84  lbs.  Avoirdu- 
pois)— of  veal,  in  fix  large  pieces , to  be  roafted  at 
once,  as  an  Experiment  ; the  Fuel  confumed  was 
33  lbs.  Bavarian  weight  of  dry  pine-wood,  (equal 
to  4.0.86  lbs.  Avoirdupois,)  which,  (at  4^  florins 
the  clafter , weighing  2967  lbs.  Bavarian  weight) 
coft  3 creutzers,  or  about  one  penny  fterling. 

This  Experiment  was  made  in  the  year  1792. 
Happening  to  mention  the  refult  of  it  in  a large 
company  in  London,  foon  after  my  arrival  there  in 
the  autumn  of  the  year  1795,  I had  the  mortifica- 
tion to  perceive  very  plainly  by  the  countenances 
of  my  hearers  how  dangerous  it  is  to  promulgate 
very  extraordinary  truths.  I afterwards  grew  more 
cautious,  and  fliould  not  now  have  ventured  to 
publifh  this  account,  had  not  the  refults  of  Expe- 
riments equally  furprifing,  which  have  been 
made  with  the  roafter  in  the  Kitchen  of  the 
Foundling  Hofpital,  been  made  known  to  the 
Public. 


Not 
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Not  only  the  roafler,  but  the  boilers  alfo  which 
have  been  put  up  under  my  diredlion  in  the  Kitchen 
of  the  Foundling  Hospital,  have  been  found 
to  anfwer  very  well ; and  J am  informed  that  fe- 
veral  other  great  Hofpitals  are  about  to  imitate 
them.  As  I left  London  before  the  Kitchen  of  the 
Foundling  Hofpital  was  entirely  finifhed,  I do  not 
know  whether  there  are  dampers  to  the  canals  by 
which  the  fmoke  goes  off  from  the  fire-places  of 
the  boilers,  and  from  that  of  the  roafler,  to  the 
chimney.  If  there  are  not,  I could  wifh  they 
might  flill  be  added  ; and  I would  ftrongly  recom- 
mend it  to  thofe  who  may  be  engaged  in  conftrucl- 
ing  Kitchen  fire-places  on  my  principles,  never  to 
omit  them. 

Oval  grates  of  call  iron,  in  the  form  of  a difh, 
filch  as  I have  defcribed  in  the  foregoing  Chapters 
of  this  Effay,  were  tried  in  the  Kitchen  of  the 
Foundling  Hofpital;  but  the  heat  was  found  to  be 
fo  intenfe  that  they  were  foon  melted  and  deflroy- 
ed  ; and  we  were  obliged  to  have  recourfe  to  com- 
mon flat  grates,  compofed  of  flrong  bars  of  call 
iron.  Perhaps  the  heat  generated  in  the  combuf- . 
tion  of  pit-coal  is  fo  intenfe,  when  completely  con^ 
fined,  (as  it  ought  always  to  be  in  clofed  fire-places,) 
that  it  will  not  be  poflible,  where  coals  are  ufed  as 
Fuel,  to  ufe  the  hollow  difhing  grates  I have  in- 
troduced in  the  public  kitchens  at  Munich,  and 
which  have  been  defcribed  and  recommended  in 
this  Effay, 
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Since  my  return  to  Bavaria,  I have  made  feveral 
Experiments  with  grates  compofed  of  common 
bricks,  placed  edgewife,  and  I find  that  they  an- 
fwer  for  that  ufe  full  as  well,  if  not  better,  than 
iron  bars.  By  making  bricks  on  purpofe  for  this 
ufe,  of  proper  forms  and  dimenfions,  and  compofed 
of  the  beft  clay  mixed  with  broken  crucibles  beaten 
to  a coarfe  powder.  Kitchen  fire-places  might  be 
fitted  up  with  them,  which  would  be  both  cheap 
and  durable,  and  as  perfect  in  all  other  refpecls  as 
any  that  could  pofiibly  be  made,  even  were  the 
molt  coflly  materials  to  be  ufed  in  their  con- 
ftru&ion. 

To  diminifh  Kill  farther  the  expence  attending 
the  conftrudtion  of  clofed  Kitchen  fire-places  de- 
figned  for  the  ufe  of  poor  families,  the  opening  by 
which  Fuel  is  introduced  might  be  clofed  with  a 
brick,  or  with  a flat  Hone ; — another  brick,  or 
flone,  might  be  made  to  ferve  at  the  fame  time  as 
a regifler  and  a door  to  the  afh-pit,  and  a third  as 
a damper  to  the  chimney  or  canal  for  carrying  off 
the  fmoke  from  the  fire-place. 

I lately  had  an  opportunity  of  fitting  up  a Kit- 
chen on  thefe  principles,  in  the  conllruftion  of 
which  there  was  not  a particle  of  iron  ufed , or  of 
any  other  metal,  except  for  the  boiler.  On  the 
approach  of  the  French  army  under  General  Mo- 
reau in  Augufl  laft,  (1796,)  the  Bavarian  troops 
being  affembled  at  Munich,  (under  my  command,) 
for  the  defence  of  the  capital,  the  town  was  fo  full 
9 of 
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of  foldiers  that  feveral  regiments  were  obliged  to  be 
quartered  in  public  buildings,  and  encamped  on 
the  ramparts,  where  they  had  no  conveniencies  for 
cooking.  For  the  accommodation  of  a part  of 
them,  four  large  oblong  fquare  boilers,  compofed 
of  very  thin  fheet  copper  well  tinned,  were  fitted 
up  in  a mafs  of  brick-work  in  the  form  of  a crofs  9 
each  boiler  with  its  feparate  fire-place,  communi- 
cating by  double  canals,  furnilhed  with  dampers, 
with  one  common  chimney,  which  Hands  in  the 
centre  of  the  crofs.  The  dampers  are  thin  flat 
tiles  ; the  grates  on  which  the  Fuel  is  burned  are 
compofed  of  common  bricks,  placed  edge  wife  : — • 
and  the  paifages  leading  to  the  fire-place,  and  to 
the  afh-pit,  are  clofed  by  bricks  which  are  made  to 
Aide  in  grooves. 

Under  the  bottom  of  each  boiler,  which  is  quite 
flat,  there  are  three  flues,  in  the  direction  of  its 
length  ; that  in  the  middle,  which  is  as  wide  as  both 
the  others,  being  occupied  by  the  burning  Fuel. 
The  opening  by  which  the  Fuel  is  introduced  is  at 
the  end  of  the  boiler  farthefi  from  the  chimney  ; and 
the  flame  running  along  the  middle  flue  to  the  end 
of  it,  divides  there,  and  returning  in  the  two  fide 
flues  to  the  hither  end  of  the  boiler,  there  rifes  up 
into  two  other  flues,  in  which  it  pafles  along  the 
outfide  of  the  boiler  into  the  chimney.  The  boilers 
are  furnifhed  with  wooden  covers  divided  into  two 
equal  parts,  united  by  hinges.  In  order  that  the 
four  boilers  may  be  tranfported  with  greater  fa- 
cility from  place  to  place,  (from  ,one  camp  to  an- 
other. 
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other,  for  inftance,)  they  are  not  all  precifely  of  the 
fame  fize,  but  one  is  fo  much  lefs  than  the  other, 
that  they  may  be  packed  one  in  the  other.  The 
largeft  of  them,  which  contains  the  three  others, 
is  packed  in  a wooden  cheft,  which  is  made  juft 
large  enough  to  receive  it.  In  the  fmalleft  may  be 
packed  a circular  tent,  fufficiently  large  to  cover 
them  all.  In  the  middle  of  the  tent  there  mult  be 
a hole  through  which  the  chimney  muft  pafs. 
The  four  boilers,  together  with  the  tent,  and  all 
the  apparatus  and  utenfils  neceffary  for  a Kitchen 
on  this  conftru&ion  for  a regiment  confiding  of 
1000  men,  might  eafily  be  tranfported  from  place 
to  place  on  an  Irifh  car  drawn  by  a fingle  horfe. 

I have  been  the  more  particular  in  my  account 
of  this  portable  Kitchen,  as  I think  it  would  be 
found  very  ufeful  for  troops  in  camp.  The  Right 
Honourable  Mr.  Thomas  Pelham  made  a trial  of 
one  of  them  lafl  fummer  for  his  regiment,  (the 
Suffex  militia,)  and  found  it  to  be  very  ufeful.  The 
faving  of  Fuel  was  very  confiderable  indeed  ; and 
thefaving  of  trouble  in  cooking  not  lefs  important. 
The  firfl  Experiment  we  made  together  in  a fingle 
boiler,  fitted  up  for  the  purpofe  in  the  open  air,  in 
the  middle  of  the  court-yard  of  Lord  Pelham’s 
houfe  in  London. 

I ought  perhaps  to  have  referved  what  I have  here 
faid  on  the  fubjeft  of  thefe  Military  portable  Kitchens 
for  my  Effay  on  Kitchen  fire-places,  where  it  would 
more  naturally  have  found  its  place;  but  being  per- 
fuaded  of  the  great  advantages  that  may  be  de- 
rived 
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rived  from  them,  I am  unwilling  to  lofe  a momeftt 
in  recommending  them  to  the  attention  of  thofe 
who  have  it  in  their  power  to  bring  them  into  ufe. 

Thofe  who  wifli  to  know  more  about  them  may, 
I am  confident,  procure  every  information  they 
can  defire  reflecting  them,  by  applying  to  Mr. 
Pelham,  or  to  any  of  the  Officers  of  the  Suffex 
militia  who  were  in  camp  with  the  regiment  laft 
fummer. 

There  is  one  more  invention  for  the  ufe  of  ar- 
mies in  the  field,  which  I wifh  to  recommend,  and 
that  is  a portable  boiler  of  a light  and  cheap  con- 
flrudlion,  in  which  victuals  may  be  cooked  on  a 
march.  There  are  fo  many  occafions  when  it 
would  be  very  defireable  to  be  able  to  give  foldiers, 
haraffed  and  fatigued  with  fevere  fervice,  a warm 
meal,  when  it  is  impoffible  to  flop  to  light  fires  and 
boil  the  pot,  that  I cannot  help  flattering  myfelf 
that  a contrivance,  by  which  the  pot  actually  boiling 
may  be  made  to  keep  pace  with  the  troops  as  they 
advance,  will  be  an  acceptable  prefent  to  every  hu- 
mane officer,  and  wife  and  prudent  general.  Many 
a battle  has  undoubtedly  been  loll  for  the  want  of 
a good  comfortable  meal  of  warm  vidluals  to  re- 
cruit the  flrength  and  raife  the  fpirits  of  troops 
fainting  with  hunger  and  excelfive  fatigue. 

But  to  return  from  this  digreffion. — The  form 
of  the  two  principal-  boilers  in  the  Kitchen  of  the 
Foundling  Hospital  is  that  of  an  oblong 
fquare ; that  form,  which,  on  feveial  accounts,  I 
have  reafon  to  think  preferable  to  all  others  for  large 

boilers. 
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boilers,  but  efpecially  on  account  of  the  facility  of 
fitting  them  up  with  fquare  bricks,  and  of  cleaning 
their  flues,  I firlt  introduced  in  Ireland  in  feveral 
fire-places  defigned  for  different  ufes,  which  I fit- 
ted up  as  models,  in  Dublin,  during  the  vifit  I 
made  laft  fpring  to  that  country  on  the  invitation 
of  my  friend  Mr.  Secretary  Pelham. 

The  firft  of  thefe  oblong  fquare  boilers  is  that 
which  is  fitted  up  in  the  court-yard  of  the  Linen- 
hall  at  Dublin,  as  a ?nodel  for  bleachers  : it  is  8 feet 
wide,  io  feet  long,  and  2 feet  deep  ; and  it  is  fur- 
nifhed  with  a wooden  cover,  which,  (hutting  down 
in  a groove  in  which  there  is  a final l quantity  of 
water,  the  fleam  is  by  thefe  means  confined  in  the 
boiler.  This  cover  is  moveable  on  its  hinges, 
which  are  placed  at  the  end  of  the  boiler  farthefl 
from  the  door  of  the  fire-place  ; and  it  is  occafion- 
ally  lifted  up  by  means  of  a rope  that  goes  over 
a compound  pully  which  is  fixed  over  the  boiler 
at  the  top  or  ceiling  of  the  room. 

Under  this  boiler  there  are  five  flues,  which  run 
in  the  direction  of  its  length,  and  are  arranged  and 
conflrucled  in  the  fame  manner  as  the  flues  of  the 
new  Brewhoufe  boiler  that  I lately  fitted  up  at 
Munich.  — (See  Fig.  21,  Plate  V.) — There  are  no 
flues  round  the  outfide  of  this  boiler  ; but  the 
brick  walls,  by  which  they  are  defended  from  the 
cold  air,  are  double,  and  the  fpace  between  them  is 
filled  with  charcoal  dufl. 

The  Fuel  burns  at  the  hither  end  of  the  middle 
flue,  in  an  oval  difli-gratej  and  the  flame  rumin- 
al on°; 
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along  in  this  flue  under  the  middle  of  the  boiler  to 
the  farther  end  of  it,  there  divides,  and  returns  in 
the  two  adjoining  flues : — It  then  turns  to  the  right 
and  left,  and  going  back  again  in  the  two  outfide 
flues  to  the  farther  end  of  the  boiler,  goes  out 
from  under  it,  there,  in  two  canals,  which  Hoping 
upwards  conduct  it  to  the  flues  of  a fecond  boiler  of 
equal  dimenfions  with  the  firft,  where  it  circulates, 
and  warms  the  water  which  is  defigned  for  refilling 
the  firft  boiler. 

As  thefe  boilers  are  made  of  exceedingly  thin 
fheet-copper, — and  thin  boilers  are  ftronger  to  refill 
the  effedls  of  the  Fire,  and  confequently  more 
durable,  than  very  thick  ones, — they  both  together 
cod  much  lefs  than  one  Angle  boiler  on  the  com- 
mon condrudtion ; and  Mr.  Duffin,  Secretary  to 
the  Linen-board,  who  is  a very  active,  intelligent 
man,  and  is  himfelf  engaged  in  a large  concern  in 
the  bleaching  bufinefs,  fhowed  me  a computation 
founded  on  adlual  Experiments  which  he  himfelf 
made  with  this  new  boiler,  by  which  he  proved 
that  the  faving  of  Fuel  which  will  refult  from  the 
general  introdudlion  of  thefe  boilers  in  the  bleach- 
ing trade  throughout  Ireland  will  amount  to  at 
lead  fifty  thoufand  pounds  Jlerling  a-year. 

In  a Laundry  that  I fitted  up  in  the  houfe 
belonging  to  the  Dublin  Society,  (and  which  is  de- 
figned to  ferve  as  a model  for  laundries  for  private 
gentlemen’s  families,)  there  are  alfo  two  oblong 
fquare  boilers,  the  one  heated  by  the  Fire,  and  the 
other  by  the  fmoke  j and  this  fmoke,  after  having 
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circulated  in  the  flues  under  the  fecond  boiler^ 
paffes  through  a long  flue,  (conflru&ed  like  hot- 
houfe  flues,)  which  goes  round  two  Tides  of  the  dry - 
ing-roortt,  (which  is  adjoining  to  the  wafhing-roomfj 
and  then  palling  through  the  wall  of  the  drying- 
room  into  the  ironing-room,  it  goes  olf  into  an, 
open  chimney. 

As  the  bottom  of  the  fecond  boiler  lies  on  a level 
with  the  top  of  the  firft,  the  warm  water  runs  out  of 
the  fecond  to  re-fill  the  firft,  by  a tube  furnilhed  with 
a brafs  cock,  which  greatly  facilitates  the  filling  of 
the  principal  boiler.  The  wooden  covers  of  thefe 
boilers,  which  are  double  and  movable  on  hinges-, 
are  Ihut  down  in  grooves  in  which  there  is  water, 
and  the  fleam  being  by  thefe  means  confined,  is 
forced  to  pafs  off  by  a wooden  tube  Handing  on  a 
part  of  the  cover  which  is  fattened  down  to  the  boiler 
with  hooks,  carries  the  fleam  upwards  to  the 
height  of  feven  or  eight  feet,  where  it  goe$  off  late- 
rally by  another  (horizontal)  wooden  tube,  through 
the  wall  into  the  drying-room.  As  foon  as  this  hori- 
zontal Wooden  tube  has  paffed  through  the  wall  into 
the  drying-room,  it  ends  in  a copper  tube,  about 
three  inches  in  diameter,  which,  lying  nearly  in  a 
horizontal  pofition,  conducts  the  fleam  through  the 
middle  of  the  drying-room  in  the  dire&ion  of  its 
length,  and  through  a hole  in  a window  at  the  end 
of  the  room  into  the  open  air. 

The  fleam  in  paffrng  through  the  drying-room  in 
a metallic  tube,  (which  is  a good  conductor  of 
heat,)  gives  off  its  heat  through  the  Tides  of  the 
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tube  to  the  air  of  the  room,  and  the  water  which 
is  condenfed  runs  off  through  the  tube.  By  Hoping 
the  tube  upwards , inftead  of  downwards,  as  by  ac- 
cident it  was  flopped,  the  condenfed  water,  which  is 
always  nearly  boiling-hot,  when  it  is  condenfed, 
might  be  made  to  return  into  the -boiler,  which 
would  be  attended  with  a faving  of  heat,  and  confe- 
quently  of  Fuel. 

The  furnace  for  heating  the  irons  ufed  in  fmooth- 
ing  the  linen,  (or  ironing,  as  it  is  called,)  is  a kind 
of  oven  built  of  bricks  and  mortar,  the  bottom  of 
which  is  afhalbw  pan  of  call:  iron,  18  inches  fquare 
and  about  3 inches  deep,  which  is  nearly  .filled 
with  fine  fand.  The  fire  being  made  under  this 
pan  in  a clofed  fire-place,  as  the  fand  defends  the 
upper  furface  of  the  pan  from  the  cold  air  of  the 
atmofphere,  the  pan  is  commonly  red-hot,  and  the 
irons,  being  fhoved  down  through  the  fand  and 
.placed  in  contad  with  this  plate  of  red-hot  metal, 
are  heated  in  a very  fhort  time,  and  at  a fmall  ex- 
pence of  Fuel. 

This  contrivance  might  be  ufed  with  great  fuccefs 
for  covering  the  hot  plates  on  which  fauce-pans  are 
made  to  boil  in  many  private  Kitchens. 

This  flove,  or  oven,  for  heating  the  fmoothing- 
irons,  projeds  into  the  drying-room,  but  the  door 
by  which  the  irons  are  introduced,  as  well  as  that 
leading  to  the  fire-place,  and  that  leading  to  the 
afh-pit,  all  open  into  the  ironing-room. 

The  fmoke  goes  off  through  the  drying-room  in 
an  iron  tube,  and  aflifts  in  warming  the  room  and 
in  drying  the  linen. 
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As  it  may  fometimes  be  neceffary  to  heat  the 
'drying-room  when  neither  the  walh-houfe  boilers 
nor  the  ftove  for  heating  the  fmoothing-irons  are 
heated,  provifion  is  made  for  that,  by  conftru&ing 
a fmall  clofed  fire-place,  defigned  merely  for  that 
purpofe,  which  opens  into  the  flue,  by  which  the 
fmoke  from  the  boilers  is  carried  round  the  dry- 
ing-room. This  fire-place  (which  is  never  ufed 
but  when  it  is  wanted  for  drying  the  linen)  is  fitu- 
ated  juft  without  the  drying-room,  under  the 
end  of  the  flue  where  it  joins  the  fecond  boiler.— 
The  opening  at  the  top  of  its  fire-place,  by  which 
the  flame  of  the  burning  Fuel  enters  the  under 
part  of  the  flue,  is  kept  clofed  by  a Aiding  plate  of 
iron,  when  this  fire-place  is  not  ufed  ; and  when 
it  is  ufed,  the  door  which  clofes  the  opening 
into  the  fire-place  of  the  firft  or  principal  boiler, 
and  the  regifter  in  its  alh-pit  door,  are  both  kept 
fliut. 

That  the  top  of  the  principal  boiler  might  not 
be  too  high  above  the  pavement  of  the  walh-houfe 
for  the  laundrefles  to  work  in  the  boiler  without 
being  obliged  to  go  up  fteps  or  ftairs,  the  grate  and 
the  bottom  of  the  flues  under  the  boiler  are  nearly 
on  a level  with  the  pavement,  and  the  afh-pit  is 
funk  into  the  ground  , and  to  render  the  approach 
to  the  opening  into  the  fire-place  more  convenient 
in  introducing  the  Fuel,  and  lighting  and  manag- 
ing the  Fire,  there  is  an  area  before  the  fire-place, 
about  3 feet  fquare,  and  2 feet  deep,  funk  in  the 
ground,  and  walled  up  on  its  fides,  into  which 
there  is  a defcent  by  fteps.  In  two  of  the  fides  of 
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thefe  vertical  walls  (thofe  on  the  right  and  left 
when  you  hand  fronting  the  fire-place)  there  are 
vaults  for  containing  Fuel,  which  extend  feveral 
feet  under  the  pavement.  The  heps  which  de- 
fcend  into  this  area,  are  on  the  fide  of  it  oppofite 
the  fire-place. 

Areas  of  this  kind  are  very  neceflary  for  all  fire- 
places for  large  boilers,  otherwife  the  top  of  the 
boiler  will  neceflarily  be  raifed  too  high  above  the 
level  of  the  pavement  to  be  approached  with  faci- 
lity and  convenience.  Steps  may  be  made,  it  is 
true,  for  approaching  boilers  which  are  placed 
higher  ; but  thefe  are  always  inconvenient,  and 
take  up  more  room,  and  coft  more  than  the  execu- 
tion of  the  plan  here  propofed  for  rendering  them 
unneceffary. 

The  areas  before  the  fire-place  door  of  the  large 
boilers  in  the  Kitchen  of  the  Foundling  Hofpital 
are  occafionally  clofed  by  trap-doors.  As  often  as 
this  is  done  there  muft  be  a number  of  fmall  holes 
bored  in  the  door,  to  permit  the  air  neceflary  for 
feeding  the  Fire  to  defcend  into  the  afh-pit ; and 
when  the  bottom  of  the  paflfage  leading  into  the 
fire-place  happens  to  lie  above  the  level  of  the  up- 
per furface  of  this  trap-door,  the  part  of  the  door 
immediately  under  this  opening  fhould,  to  prevent 
accidents  from  live  coals  which  may  occafionally 
.fall  out  of  the  fire-place,  be  covered  with  a thin 
plate  of  (heet-iron. 

When  large  boilers  are  fitted'  up  in  fituations 
where  it  is  not  poflible  to  fink  an  area  in  front  of 
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the  fire-place,  the  mafs  of  brick-work  in  which 
the  boiler  is  fet  mud  be  raifed,  and  fteps  muft  be 
made  to  approach  it.  When  this  is  done,  the  up- 
per ftep  fhould  be  made  very  wide,  (at  leaft  two 
feet,)  in  order  that  there  may  be  room  to  (land  and 
work  in  the  boiler ; and  for  ftill  greater  conve- 
nience, the  fteps  fhould  be  continued  round  three 
Tides  of  the  boiler,  when  the  boiler  ftands  in  a de- 
tached mafs  of  brick-work.  The  bottom  of  the 
door  of  the  fire-place  fhould,  if  pofiible,  be  above 
the  upper  flat  furface  of  the  upper  ftep;  andtopre- 
ferve  the  fymmetry  of  the  whole,  the  afh-pit  door 
may  be  in  the  front  of  the  upper  ftep,  and  the  paff. 
age  into  the  afh-pit  (which  will  be  long  of  courfe) 
may  defcend  in  a gentle  Hope.  In  this  manner  the 
Kitchen  of  the  Hofpital  of  la  Pieta  at  Verona  was 
conftru&ed. 

No  inconvenience  whatever  attends  the  increafe 
of  the  length  of  the  paffage  into  the  afh-pit,  except 
it  be  that  very  trifling  one, — (which  furely  does  not 
deferve  to  be  mentioned,) — the  increafe  of  labour 
attending  the  removal  of  the  allies  ; but  the  incon- 
venience would  be  very  confiderable  which  would 
unavoidably  attend  the  difcontinuation,  or  breaking 
off,  of  the  fteps  round  the  hither  end,  or  front  of 
the  boiler,  which  would  be  neceffary  in  order  to  be 
able  to  place  the  afh-pit  door  direflly  under  the  fire- 
place door,  and  to  make  a way  to  approach  it. 

The  flues  under  the  principal  boiler  of  the  Laun- 
dry in  the  Houfe  of  the  Dublin  Society,  are  not  con- 
trived fo  as  to  divide  the  flame  and  caufe  it  to.  cir- 
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culate  in  two  currents  ; they  run  from  fide  to  fide 
under  it : the  door  of  the  fire-place  is  not  in  the 
middle,  but  on  one  fide  of  the  boiler,  and  near  one 
end  of  it.  The  flame  pafling  and  returning  (under 
the  boiler)  twice  from  its  front  to  its  oppofite  fide, 
goes  off  at  its  end  (that  fartheft  from  the  fire- 
place) into  a canal  furnilhed  with  a damper,  which 
canal,  rifing  upward  at  an  angle  of  about  45  de- 
grees, leads  to  the  flues  under  the  fecond  boiler. 

The  bottom  of  the  flues  of  the  principal  boiler  are 
juft  on  a level  with  the  pavement  of  the  wafh-houfe  ; 
and,  in  order  that  they  may  eafily  be  cleaned  out, 
and  the  bottom  of  the  boiler  fcrubbed  with  a 
broom  to  free  it  from  foot,  the  ends  of  the  flues 
were,  in  building  the  fire-place,  left  open,  and  after- 
wards, when  the  boiler  was  fet,  they  were  clofed  by 
temporary  (double)  walls  of  dry  bricks.  To  make 
thefe  walls  tight,  the  joinings  of  the  bricks  were 
plaftered  on  the  outfide  with  moift  clay. 

The  fides  of  the  boilers  are  defended  from  the 
cold  air  by  thin  walls  of  bricks  covered  with  wainf- 
cot,  and  by  filling  the  fpace  between  thefe  walls  and 
the  boiler  with  pounded  charcoal.  Were  I to  fit 
up  thefe  boilers  again,  I fhould  leave  this  fpace 
void,  or  filled  merely  with  air,  forming  feveral 
fmall  openings  below,  through  which  the  flame  and 
hot  vapour  from  the  flues  might  afcend  and  fur- 
round  the  boiler.  In  the  large  Boiler  fitted  up  in 
the  Linen-hall  as  a model  for  bleachers,  this  altera- 
tion is  alfo  neceflary,  to  render  it  complete ; and  as 
it  might  be  made  in  a few  hours,  and  almoft  with- 
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out  any  expence,  I cannot  help  expreffing  a wifh 
that  it  might  Hill  be  done. 

The  ardent  zeal  for  the  profperity  of  his  coun- 
try, and  indefatigable  attention  to  every  thing  that 
tends  to  promote  ufeful  improvement,  which  fo 
eminently  diftinguifh  that  enlightened  patriot  and 
moft  refpedtable  ftatefman,  to  whom  the  manufac- 
tures and  commerce  of  Ireland,  and  the  linen-trade 
in  particular,  are  fo  much  indebted,  encourage  me 
to  hope  that  he  will  take  pleafure  in  giving  his 
affiftance  to  render  the  models  for  improving  fire- 
places and  faving  Fuel,  which  I have  had  the  fatif- 
fadtion  of  leaving  in  Ireland,  as  free  from  faults  as 
they  can  poflibly  be  made. 

Though  my  flay  in  Ireland  was  too  fhort  to  con- 
ftrudt  models  of  all  the  improvements  I wilhed  to 
have  introduced  in  that  delightful  and  moll  inte- 
refling  ifland,  yet  the  liberality  with  which  my 
various  propofals  were  received,  and  the  generous 
affiftance  I met  with  from  all  quarters,  enabled  me 
to  do  more  in  two  months  than  I probably  fhould 
have  been  able  to  have  effedted  in  as  many  years  in 
fome  other  older  countries,  where  the  progrefs  of 
wealth  and  of  refinements  have  rendered  it  ex- 
tremely difficult  to  get  people  to  attend  to  ufeful 
improvements. 

I wilhed  much  to  have  been  able  to  have  fitted 
up  the  great  Kitchen  in  the  Houfe  of  Induftry  at 
Dublin,  as  the  expence  of  Fuel  is  very  confiderable 
in  that  extenfive  eftablifhment,  where  more  than. 
1 500  perfons  are  fed  daily,  at  an  average  j but  not 
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having  time  to  finifh  fo  confiderable  an  undertak- 
ing, I thought  it  mod  prudent  not  to  begin  it.  $ 
fitted  up  one  large  boiler  as  a model  at  one  end  of 
one  of  the  working-halls ; but  this  was  defigned 
principally  to  fhow  how  a large  hall  might  be 
heated  from  a Kitchen  fire-place,  and  from  the  very 
fame  Fire  which  is  ufed  for  cooking*.  The 
fmoke  from  the  fire-place  is  carried  along  hori- 
zontally on  one  fide  of  the  hall  from  one  end  of  it 
to  the  other  ; and  the  boiler  being  doled  by  a co- 
ver which  is  fleam-tight,  the  fleam  from  the  boiler 
is  alfo  forced  along  from  one  end  of  the  hall  to  the 
other,  in  an  horizontal  leaden  pipe,  which  runs 
parallel  to  the  flue  occupied  by  the  fmoke,  and  lies 
immediately  over  it.  In  warm  weather,  when  the 
hall  does  not  require  to  be  heated,  the  fmoke  and 
fleam  go  off  immediately  into  the  atmolphere  by  a 
chimney  adjoining  to  the  fire-place,  without  palling 
through  the  hall. 

To  be  able  to  equalize  the  heat  in  the  hall, — > 
(which  is  very  long  and  narrow,) — or  to  render  it 
as  warm  at  the  end  of  it  which  is  farthefl  from  the 
fire-place,  as  at  that  next  the  Fire,  I' directed  cloth- 
ing for  the  fleam  tube  of  warm  blanketing  to  be 
made  in  lengths  of  three  or  four  feet,  to  be  occa- 
fionally  put  round  it  and  faflened  by  buttons. 

By  clothing  or  covering  the  fleam  tube  more 
or  lefs,  as  may  be  found  neceffary  in  thofe  parts  of 
the  hall  where  the  heat  is  greatefl,  the  fleam  being 

* This  contrivance  might  eafily  he  applied  to  the  heating  of  hot- 
houfes,  even  though  the  hot-houfe  fliould  happen  to  be  fituated  at  a 
confiderable  diftance  from  the  Kitchen. 
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by  this  covering  prevented  from  giving  off  its  heat 
to  the  air  through  the  tube,  will  go  on  farther  and 
warm  thofe  parts  of  the  hall  which  otherwife  would 
be  not  fuff  dent  ly  heated.  The  ffeam  tube,  which 
is  conftru&ed  of  very  thin  fheet-lead,  is  about  3 
inches  in  diameter,  and  inftead  of  being  laid 
exactly  in  a horizontal  pofition,  flopes  a little 
upwards,  juft  fo  much  that  the  wafer  which  refults 
from  the  condenfation  of  the  fleam  may  return  into 
the  boiler  *. 

The  horizontal  flue  through  which  the  fmoke 
pafles  is  a round  tube  of  flieet-iron,  about  7 inches 
in  diameter,  divided,  for  the  facility  of  cleaning  it, 
in  lengths  of  12  or  15  feet,  fixed  nearly  horizon- 
tally at  different  heights  from  the  floor,  or,  in  an 
interrupted  line,  in  hollow  pilafters  or  fquare  co- 
lumns of  brick-work.  A copampn  hat-houfe  flue, 
conftrudefl  of  bricks  and  mortar,  ymuld  have  an- 

I contrived  a fire-place  for  heatingone  of  the  principal  churches  in 
Dublin  on  thefe  principles,  with  fteam  (but  without  making  ufeof  the 
fmoke) ; and  I promifed  to  £ive  a plan  (which,  I ana  alhamed  to  fay, 
I have  not  yet  been  able  to  finilh)  for  heating  the  fuperb  new  building 
deftined  for  the  meeting  of  the  Irifh  Houfe  of  Commons. 

One  of  the  two  chimney  fire-places,  which  I fitted  up  in  the  hall  in 
which  the  meetings  of  the  Royal  lrilh  Academy  are  held,  will,  I ima- 
gine, be  found  to  anfwer  very  well  for  heating  high  rooms  and  Jarge 
halls  in  private  houfes.  In  this  fire-place  I have  endeavoured,  anti  \ 
believe  fuccefsfully,  to  unite  the  advantages  of  an  open  fire  with  thofe 
of  a German  ftove.  The  grate  ufed  in  fitting  up  this  fire-place,  and 
which  is  of  call:  iron,  and  far  from  being  unelegant  in  its  form,  and 
which  cod  only  Jeven  Jhillings  and  fixpcncc  Jierling,  is  decidedly  the  belt 
adapted  for  open  chimney  fire-places,  where  coals  are  ufed  as  Fuel,  of 
any  I have  yet  feen.  By  a letter  I lately  received  from  a friend  in 
Ireland,  I had  the  fatisfaftion  to  learn  that  thefe  grates  are  coming 
very  faft  into  general  ufe  ij?  that  country. 
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fwered  equally  well  for  warming  the  hall,  but  would 
have  taken  up  too  much  room,  which  is  the  only 
reafon  it  was  not  preferred  to  thefe  iron  tubes. 

In  conftrudling  the  boiler,  (which  is  of  thin 
fheet-iron,)  I made  an  Experiment  which  fucceeded 
even  beyond  my  expe&ation.  The  flues  under  the 
boiler— (and  there  are  none  round  it) — are  projec- 
tions from  the  bottom  of  the  boiler ; — they  are 
hollow  walls  of  flieet-iron,  about  9 inches  high,  and 
an  inch  and  three  quarters  thick,  into  which  the 
liquid  in  the  boiler  defcends,  and  which  in  fa£l 
conftitute  a part  of  the  boiler.  By  this  contrivance 
the  flame  is  furrounded  on  all  fides,  except  at  the 
bottom  of  the  flues,  (where  the  heat  has  little  or  no 
tendency  to  pafs,)  by  the  liquid  which  is  heated, 
and  the  fire-place  is  merely  a flat  mafs  of  brick- 
work. The  grate  is  even  with  the  upper  furface  of 
this  mafs  of  brick-work,  and  the  afh-pit  is  the  only- 
cavity  in  it. 

In  conftru&ing  the  boiler,  provifion  was  made, 
by  omitting  or  interrupting  the  hollow  walls  or  di- 
vifions  of  the  flues,  in  the  proper  places,  to  leave 
room  for  introducing  the  Fuel, — for  the  paflage  of 
the  flame  from  one  flue  to  another, — and  from  the. 
laft  flue  into  the  canal  by  which  the  fmoke  goes  off 
into  the  chimney,  or  into  the  iron  tubes  by  which 
the  hall  is  occafionally  warmed. 

One  principal  object  which  I had  in  view  in  this 
Experiment  was  to  fee  if  I could  not  contrive  a 
boiler,  which,  being  fufpended  under  a waggon  or 
other  wheel  carriage,  might  ferve  for  cooking  for 
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troops  on  a march  ; or  which,  being  merely  fet 
down  on  the  ground,  a fire  might  be  immediately 
kindled  under  it. 

Thofe  who  will  take  the  trouble  to  examine  the 
boiler  in  queflion,  will  find  that  the  principle  on 
which  it  is  conflru&ed  may  eafily  be  applied  to  the 
objedls  here  mentioned.  But  it  is  not  merely  for 
portable  boilers  that  this  conflruclion  would  be 
found  ufeful ; I am  convinced  that  it  would  be  very 
advantageous  for  the  boilers  of  fleam-engines, — 
for  diflilleries, — and  for  various  other  purpofes. 
As  the  efcape  of  heat  into  the  brick- work  is  almofl 
entirely  prevented,  and  as  the  furface  of  the  boiler 
on  which  the  heat  is  made  to  act  is  greatly  increafed 
by  means  of  the  hollow  walls,  the  liquid  in  the 
boiler  is  heated  in  a very  fhort  time,  and  with  a 
fmall  quantity  of  Fuel. 

There  is  flill  another  advantage  attending  this 
conflrudlion,  which  renders  it  highly  deferving 
the  attention  of  diflillers.  By  making  the  tops  of 
the  flues  arched  inftead  of  flat,  (which  may  eafily 
be  done,  and  which  is  actually  done  in  the  boiler 
in  queflion,)  or  in  the  form  of  the  roof  of  a houfe, 
as  the  hottefl  part  of  the  flame  will  of  courfe  always 
occupy  the  upper  part  of  the  flues,  and  as  the 
thick  or  vifcous  part  of  the  liquor  in  the  boiler,  that 
which  is  in  mofl  danger  of  being  burned  to  the 
bottom  of  the  boiler,  and  giving  a bad  tafle  to  the 
fpirit  which  comes  over,  cannot  well  lie  on  the 
convex  or  Hoping  furface  of  thefe  flues,  there  will 
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be  lefs  danger  of  an  accident  which  diftillers  have 
hitherto  found  it  extremely  difficult  to  prevent. 

In  conftrufting  boilers  on  thefe  principles  for 
diftillers,  it  wall  probably  be  found  necelfary  to  in- 
creafe  very  much  the  thicknefs  of  the  hollow  walls 
of  the  flues  ; and  perhaps  to  make  them  even  deeper 
than  the  level  of  the  bottom  of  the  flues,  in  order 
more  effe&ually  to  prevent  the  thick  matter  which 
will  naturally  fettle  in  thofe  cavities  from  being 
expofed  to  too  great  a heat. 

A fimilar  advantage  will  attend  large  boilers  con- 
flrufled  on  thefe  principles  for  making  thick  foups 
for  hofpitals ; thefe  foups  being  very  apt  to  burn 
to  the  bottoms  of  the  boilers  in  which  they  are  pre- 
pared. 

\ I made  another  Experiment  in  the  Houfe  of 
Induftry  in  Dublin,  which  I wifhed  much  to  have 
had  time  to  have  profecuted  farther.  Finding  that 
the  expence  for  wheaten  bread  for  the  Houfe  was 
very  great,  (amounting,  in  the  year  1795,  to  no 
lefs  than  3841 1.  fterling,)  I faw  that  a very  con- 
fiderable  faving  might  be  made  by  furniffiing  thofe 
who  were  fed,  at  the  public  expence  with  oaten 
cakes  (a  kind  of  bread  to  which  they  had  always 
been  ufed,)  inflead  of  rendering  them  dainty  and 
fpoiling  them  by  giving  them  the  belt  wheaten 
bread  that  could  be  procured,  as  I found  had  hi- 
therto been  done.  But  to  be  able  to  furnifli  oaten 
cakes  in  fufficient  quantities  to  feed  1 500  perfons, 
fome  more  convenient  method  of  baking  them  than 
that  commonly  praftifed  was  necelfary,  and  one  in 
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which  the  expence  of  Fuel  might  be  greatly 
leflened. 

With  a view  to  facilitate  this  important  change 
in  the  mode  of  feeding  the  numerous  objects  of 
charity,  and  of  corrections  who  were  fhut  up  toge- 
ther within  the  walls  of  that  extenfive  eftablifh- 
ment,  I conftrufled  what  I would  call  a Perpetual 
Oven. 

In  the  centre  of  a circular,  or  rather  cylindrical 
mafs  of  brick-work,  about  eight  feet  in  diameter, 
which  occupies  the  middle  of  a . large  room  on  the 
ground  floor,  I conftrucled  a fmall  circular 
clofed  fire-place  for  burning  either  wood,  peat, 
turf,  or  coals.  The  diameter  of  the  fire-place  is 
about  eleven  inches,  the  grate  being  placed  about 
ten  inches  above  the  floor,  and  the  top  of  the  fire- 
place is  contra&ed  to  about  four  inches.  Immedi- 
ately above  this  narrow  throat,  fix  feparate  canals 
(each  furniflied  with  a damper,  by  means  of  which 
its  opening  can  be  contracted  more  or  lefs,  or  en- 
tirely clofed)  go  oft’  horizontally,  by  which  the 
flame  is  conduced  into  fix  feparate  fets  of  flues, 
under  fix  large  plates  of  caft  iron,  which  form  the 
bottoms  of  fix  ovens  on  the  fame  level,  and  joining 
each  other  by  their  Tides,  which  are  concealed  in. 
the  cylindical  mafs  of  the  brick-work.  Each  of 
thefe  plates  of  call  iron  being  in  the  form  of  an 
equilateral  triangle,  they  all  unite  in  the  centre  of 
the  cylindrical  mafs  of  brick-work,  confequently 
the  two  Tides  of  each  unite  in  a point  at  the  bottom 
of  it,  forming  an  angle  of  fixty  degrees. 
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The  flame,  after  circulating  under  the  bottoms 
of  thefe  Ovens,  rifes  up  in  two  canals  concealed  in 
the  front  wall  of  each  Oven,  and  fituated  on  the 
right  and  left  of  its  mouth,  and  after  circulating 
again  in  fimilar  flues  on  the  upper  flat  furface  of 
another  triangular  plate  of  call  iron  which  forms 
the  top  of  the  Oven,  goes  off  upwards  by  a canal 
furnifhed  with  a damper  into  a hollow  place,  fitu- 
ated on  the  top  of  the  cylindrical  mafs  of  the  brick- 
work, from  which  it  paffes  off  in  a horizontal  iron 
tube,  about  feven  inches  in  diameter,  fufpended 
near  the  cieling  of  the  room,  into  a chimney  fitu- 
ated on  one  fide  of  the  room. 

Thefe  fix  Ovens,  which  are  contiguous  to  each 
other  in  this  mafs  of  brick-work,  are  united  by 
their  fides  by  thin  walls  made  of  tiles  about  if 
inches  thick,  and  io  inches  fquare,  placed  edge- 
wife,  and  each  Oven  having  its  feparate  canal,  fur- 
nifhed with  a regifler  communicating  with  the 
fire-place,  any  one  or  more  of  them  maybe  heated 
without  heating  the  others,  or  the  heat  may  be 
turned  off  from  one  of  them  to  the  other  in  conti- 
nual fucceffion  ; and,  by  managing  matters  pro- 
perly, the  procefs  of  baking  may  be  uninterrupted . 
As  foon  as  the  bread  is  drawn  out  of  one  of  the 
Ovens,  the  fire  may  be  immediately  turned  under 
it  to  heat  it  again,  while  that  from  under  which  the 
Fire  is  taken  is  filled  with  unbaked  loaves,  and 
clofed  up. 

A principal  object  which  I had  in  view  in  con- 
ftru&ing  this  Oven  was  to  prevent  the  great  lofs  of 
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heat  which  is  occafioned  in  large  Ovens,  by  keep- 
ing the  mouth  of  the  Oven  open  for  fo  coniider- 
able  a length  of  time  as  is  neceifary  for  putting  in 
and  drawing  out  the  bread.  As  one  of  thefe  fmall 
Ovens  contains  only  five  large  loaves,  or  cakes,  it 
may  be  charged,  or  the  bread  when  baked  may  be 
drawn,  in  a moment ; and,  during  this  time,  the 
other  five  Ovens  are  kept  clofed,  and  confequently 
are  not  lofing  heat  ; one  of  them  is  heating,  while 
the  other  four  are  filled  with  bread  in  different  llages 
of  the  procefs  of  baking. 

When  I conltrufled  this  Oven,  though  I had 
no  doubt  of  its  being  perfectly  well  calculated  for 
the  ufe  for  which  it  was  principally  defigned, — 
baking  oaten  cakes,  which  are  commonly  baked  on 
heated  iron  plates,— yet  I was  by  no  means  fure  it 
would  anfwer  for  baking  common  bread  in  large 
thick  loaves.  I had  not  made  the  Experiment. 
And  though  I could  , not  conceive  that  any  thing 
.more  could  be  neceifary  in  the  procefs  of  baking 
than  heat , — and  here  I was  abfolutely  mailer  of 
every  degree  of  it  that  could  pollibly  be  wanted,  and 
could  even  regulate  the  fucccjfon  of  different  de- 
grees of  it  at  pleafure, — I thought  it  probable  that 
iome  particular  management  might  be  required  in 
baking  bread  in  thefe  metallic  ovens,  a knowledge 
of  which  could  only  be  acquired  by  experience. 

What  ferved  to  llrengthen  thefe  fufpicions  wras  a 
difcovery  which  had  accidentally  been  made  by  the 
cook  of  the  Military  Academy.  In  the  courfe  of 
his  experiments,  he  found  that  my  Roafler  is  ad- 
mirably 
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mirably  well  calculated  for  baking  pies,  puddings, 
and  paftry  of  all  kinds  ; — provided  however  that 
the  Fire  be  managed  in  a certain  way  ; — for  when 
the  Fire  is  managed  in  the  fame  manner  in  which 
it  ought  to  be  managed  in  roafting  meat,  pies  and' 
paftry  will  abfolutely  be  fpoiled.  After  repeated 
failures  and  difappointments,  and  after  having  loft; 
all  hopes  of  ever  being  able  to  fucceed  in  his  at- 
tempts, the  cook  (by  mere  accident,  as  he  allured 
me)  difcovered  the  important  fecret ; — and  import- 
ant he  certainly  confiders  it  to  be,  and  feels  no 
fmall  degree  of  fatisfa&ion, — not  to  fay  pride, — 
in  having  been  fo  fortunate  as  to  make  the  dif- 
covery.  Fie  mu  ft  pardon  me  if  I take  the  liberty, 
— even  without  his  permiflion, — to  publifh  it  to  the 
world  for  the  good  of  mankind. 

The  Roafter  mufi  be  well  heated  before  the  pies  or 
paflry  are  put  into  it,  and  the  blowers  mufi  never  be 
quite  clofed,  during  the  procefs. 

I have  lately  found  that  by  ufing  fimilar  precau- 
tions, bread  may  be  perfectly  well  baked  in  metallic 
Ovens,  fimilar  to  that  in  the  Houfe  of  Induftry  in 
Dublin. 

Thinking  it  more  than  probable  that  means 
might  be  devifed  for  managing  the  heat  in  fuch  a 
manner  as  to  perform  that  procefs  in  Ovens  con- 
ftrufted  on  thefe  principles,  and  heated  from  with- 
out ; and  conceiving  that  not  only  a great  faving 
of  Fuel,  but  alfo  feveral  other  very  important  ad- 
vantages, could  not  fail  to  be  derived  from  that 
difeovery,  on  my  return  from  Munich  to  England, 
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in  Auguft  laft,  I immediately  fct  about  making  Ex- 
periments, with  a view  to  the  inveftigation  of  that 
lubjedf: ; and  I have  fo  far  fucceeded  in  them  that, 
for  thefe  laft  four  months,  my  table  has  been  lup- 
plied  entirely  with  bread  baked  in  my  own  houfe, 
by  my  cook,  in  an  Oven  conftrudted  of  thin  fheet- 
iron,  which  is  heated  (like  my  Roafters)  from  with- 
out ; — and  I will  venture  to  add,  that  I never  tafted 
better  bread.  All  thofe  who  have  eaten  of  it  have 
unanimoufly  expreffed  the  fame  opinion  of  it.  It 
is  very  light, — moft  thoroughly  baked  without  be- 
ing too  much  dried, — and  I think  remarkably  well- 
tafted.  The  loaves,  which  are  made  fmall  in  order 
that  they  may  have  a greater  proportion  of  cruft, 
(which,  when  the  bread  is  baked  in  this  way,  is 
Angularly  delicate,)  are  placed  in  the  Oven  on  cir- 
cular plates  of  thin  fheet-iron,  raifed  about  an  inch 
on  flender  iron  feet.  Were  the  loaf  placed  on  the 
bottom  of  the  Oven,  the  under  cruft  would  pre- 
fently  be  burnt  to  a coal,  and  the  bread  fpoiled. 
A precaution  abfolutely  necefiary  in  baking  bread 
in  the  manner  here  recommended,  is  to  leave  a paf- 
fage  for  the  iteam  generated  in  the  procefs  of  bak- 
ing to  efcape.  This  may  be  done  either  by 
conftructing  a fteam-chimney  for  that  purpofe, 
furnifhed  with  a damper ; or  Amply  by  making  a 
regifter  in  the  door  of  the  Oven, 

As  this  is  not  the  proper  place  to  enlarge  on  this 
fubjedt,  I fhall  leave  it  for  the  prefent ; but  I can- 
not help  exprefting  a wifli,  that  what  I have  here 
advanced  may  induce  others,  efpecially  Bakers , 
von.  11.  n • who 
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who  may  find  their  own  advantage  in  the  profectf* 
tion  of  thefe  interefiing  and  important  inveftigations, 
to  tunl  their  attention  to  them. 

How  exceedingly  ufeful  would  my  Readers  be, 
and  Ovens  conftru&ed  on  the  principles  here  re- 
commended, on  fliipboard  ! — Having  ferved  a cam- 
paign (as  a volunteer)  in  a large  fleet,  (that  com- 
manded by  Admiral  Sir  Charles  Hardy  in  the  year 
1 779,)  and  having  made  feveral  long  fea-voyages, 
I have  had  frequent  opportunities  of  feeing  how 
difficult  it  is  in  bad  weather  to  cook  at  fea  ; and  it 
is  eafy  to  imagine  how  much  it  would  contribute  to 
the  comfort  of  fea-faring  people,  efpecially  at  times 
when  they  are  expofed  to  the  greateft  fatigues  and 
hardships,  to  enable  them  to  have  their  tables  well 
fupplied  with  warm  vi&uals. 

In  order  that  the  motion  of  the  veflel  might  not 
derange  any  part  of  the  apparatus  ufed  in  the  pro- 
cefs  of  cooking  at  fea  in  my  Roaffers,  the  form  of 
the  Roaffer  fliould  be  that  of  a perfect  cylinder, 
and  the  dripping-pan  in  which  the  meat  is  placed 
fhould  be  a longitudinal  fe&ion  of  another  cylinder, 
lefs  in  diameter  than  the  Roaffer  by  about  an  inch, 
and  fufpended  on  two  pivots  in  the  axis  of  the 
Roaffer,  in  fuch  a manner  that  the  dripping-pan 
fcnay  fwing  freely  in  the  Roaffer,  without  touching 
its  fides.  The  Roaffer  fliould  be  placed  in  the 
brick-work,  with  its  axis  in  the  direction  of  the 
length  of  the  fliip  ; and  to  prevent  the  gravy  from 
being  thrown  out  of  the  dripping-pan  when  the 
veflel  pitches,  its  hollow  cavity  fliould  be  divided 
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into  a number  of  compartments,  by  partitions  run- 
ning acrofs  it  from  fide  to  fide-. 

It  remains  for  me  to  give  fome  account  of  the 
Kitchen  which  I fitted  up  in  the  Iioufe  of  the  Dub- 
lin Society,  as  a model  for  private  families; — and 
alfo  of  a Cottage  Fire-place,  and  a Lime-kiln,  which 
I conftrudted,  as  models  for  imitation,  in  the  court- 
yard of  that  public  building. 

With  regard  to  the  Kitchen,  it  is  necelfary  that  I 
fhould  remark  at  fetting  out,  that  it  was  not  intended 
fo  much  to  ferve  as  a model  complete  of  a convenient 
Kitchen  for  a private  family,  as  to  difplay  a variety 
of  ufeful  inventions , all  or  any  of  which  may,  at 
pleafure,  be  eafily  adopted,  in  Kitchens  of  all  kinds 
and  of  all  dimenfions.  I thought  this  would  be 
more  ufeful  than  any  fimple  model  of  a Kitchen  I 
could  contrive. 

It  is  however  a very  complete  Kitchen  ; and 
though  there  are  fome  contrivances  belonging  to 
it  which  might  have  been  omitted,  yet  they  will 
all,  I am  confident,  be  found  ufeful  for  the  different 
purpofes  for  which  they  were  particularly  defigned ; 
and,  in  a Kitchen  for  a large  family,  would  often 
come  into  ufe. 

The  general  difpofition  of  the  various  parts  of 
this  Kitchen  I confider  as  being  quite  perfeft.  It 
is  the  fame  as  that  of  the  Hofpital  of  la  Pieta  at 
Verona;  and  of  a very  complete  private  Kitchen 
which  was  built  about  two  years  ago  at  Munich, 
under  my  dire&ion,  in  the  houfe  of  Baron  Ler- 
chenfeld,  Steward  of  the  Houfehold  to  Iiis 
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Most  Serene  Highness  the  Elector.  In  a 
future  Effay,  which  will  treat  exclufively  of  the  Con* 
ftruction  of  Kitchen  Fire-places,  and  of  Kitchen 
Utenfils,  I fhall  give  a particular  detailed  account 
of  the  manner  in  which  the  various  Boilers, — Steam- 
boilers,  — Saucepans, —Oven, — R oaft ers,  & c. — are 
difpofed  and  connected  in  the  mafs  of  brick-work 
in  thefe  Kitchens;  and  fhall  accompany  thefe 
defcriptions  with  a fufficient  number  of  Plates  to 
gender  them  perfectly  intelligible. 


Cottage  Fire-place,  and  Iron  Pot , for  cooking  for 

the  Poor. 

The  Cottage  Fire-place  which  I fitted  up  as  a 
model,  in  the  court-yard  of  the  Houfe  of  the  Dublin 
.Society,  was  not  quite  finifhed  when  I left  Ireland.; 
but  an  idea  may 'be  formed  from  what  was  done  of 
the  general  principles  on  which  fuch  Fire-places  may 
be  conftruCted.  On  each  fide  of  the  open  chimney 
Fire-place,  (which,  being  fmall,  was  built  in  the 
middle  of  one  much  larger,  which  was  conflruCted 
to  reprefent  a large  open  Fire-place,  fuch  as  are  now 
general  in  Cottages,)  I fitted  up  an  Iron  Pot  on  a 
peculiar  conftruftion,  call  by  Mr.  Jackfon  of  Dub- 
lin, and  defigned  for  the  ufe  of  a poor  family  in 
cooking  their  victuals.  This  Pot  is  nearly  of  a 
cylindrical  form,  about  fixteen  inches  in  diameter, 
and  eight  inches  deep  ; and  under  its  bottom,  which 
is  quite  flat,  there  is  a thin  fpiral  projection,  which 
was  caft  with  the  Pot,  and  ferves  inftead  of  feet  to 
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It,  the  turns  of  which,  when  the  Pot  is  fet  down 
on  a fiat  furface,  form  a fpiral  flue  in  which  the 
flame  circulates  under  the  bottom  of  the  Pot.  This 
projection,  which  is  near  half  an  inch  thick  where 
it  is  united  with  the  bottom  of  the  Pot,  and  lefs 
than  a quarter  of  an  inch  below  where  its  lower 
edge  refts  on  the  ground,  is  about  four  inches  wide, 
or  rather  deep.  It  was  made  tapering,  in  order  to 
its  being  more  eafily  caft.  To  defend  the  outfide 
of  this  Pot  from  the  cold  air,  the  Pot  is  inclofed  in 
a cylinder  of  thin  fheet-iron,  equal  in  diameter  to  the 
extreme  width  of  the  Pot  at  its  brim, — juft  as  high 
as  the  depth  of  the  Pot  and  of  its  fpiral  flues  taken 
together.  The  Pot  is  faftened  to  this  cylindrical 
cafe  by  being  driven  into  it  with  force,  a rim  in  the 
form  of  a flat  hoop,  about  an  inch  and  an  half 
deep  and  a little  tapering,  being  caft  on  the  outfide 
of  the  Pot  at  its  brim,  the  external  furface  of  which 
was  fitted  exadlly  into  the  top  of  this  cylinder. 
This  projection  is  ufeful,  not  only  in  uniting  the 
Pot  to  its  cylindrical  cafe,  but  alfo  to  keep  this 
cylindrical  cafe  at  fome  fmall  diftance  from  the  Tides 
of  the  Pot,  by  which  means  the  heat  is  more 
effectually  confined. 

To  be  able  to  move  about  this  Pot  from  place  to 
place,  it  has  two  handles,  which  are  riveted  to  the 
outfide  of  its  cylindrical  cafe ; and  it  is  provided 
with  a wooden  cover. 

I am  fenfible  that  I often  expofe  myfelf  to  cri- 
ticifm  by  anticipating  what  would  more  naturally 
find  its  place  elfewhere.  But  what  I have  here 
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faid  in  regard  to  this  Iron  Pot  is  intended  merely  as 
hints  to  awaken  the  curiofity  and  excite  the  atten- 
tion of  ingenious  men, — of  fuch  as  take  pleafure 
in  exercifing  their  ingenuity  in  contriving  and  per- 
fecting ufeful  inventions ; and  who  delight  in  con- 
templating the  progrefs  of  human  induftry, 


' Model  of  a perpetual  Lime -kiln. 

The  particular  objeCts  principally  had  in  view 
in  the  conftruction  of  this  Lime-kiln  ('which  Hands 
in  the  court-yard  of  the  Dublin  Society)  were, 
jirft , to  caufe  the  Fuel  to  burn  in  fuch  a manner  as 
to  confume  the  fmoke ; — which  was  effected  by 
obliging  the  fmoke  to  defcend  and  pafs  through  the 
Fire,  in  order  that  as  much  heat  as  poffible  might 
be  generated.  — Secondly,  to  caufe  the  flame  and 
hot  vapour  which  rife  from  the  Fire  to  come  into 
contact  with  the  lime-ftone  by  a very  large  furface, 
in  order  to  economife  the  heat,  and  prevent  its 
going  off  into  the  atmofphere  ; which  was  done  by 
making  the  body  of  the  Kiln  in  the  form  of  a 
hollow  truncated  cone,  and  very  high  in  propor- 
tion to  its  diameter  ; and  by  filling  it  quite  up  to 
the  top  with  lime-ftone,  the  Fire  being  made  to 
enter  near  the  bottom  of  the  cone. — Thirdly,  to 
make  the  procefs  of  burning  lim q perpetual,  in  order 
to  prevent  the  wafte  of  heat  which  unavoidably 
attends  the  cooling  of  the  Kiln  in  emptying  and 
filling  it,  when,  to  perform  that  operation,  it  is 
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necefiary  to  put  out  the  Fire. — And  fourthly,  to 
contrive  matters  fo  that  the  lime  in  which  the  procefs 
of  burning  is  juft  finified,  and  which  of  courfe  is 
ft  ill  intenfely  hot , may,  in  cooling , be  made  to  give 
off  its  heat  in  fuch  a manner  as  to  affift  in  heating 
the  frefh  quantity  of  cold  lime-ftone  with  which  the 
Kiln  is  replenifhed  as  often  as  a portion  of  lime  is 
taken  out  of  it. 

To  effectuate  thefe  purpofes,  the  Fuel  is  not 
mixed  with  the  lime-ftone,  but  is  burned  in  a clofed 
fire-place,  which  opens  into  one  fide  of  the  Kiln, 
fome  diftance  above  the  bottom  of  it.  For  large 
Lime-kilns  on  thefe  principles  there  may  be  feveral 
fire-places,  all  opening  into  the  fame  cone,  and 
fituated  on  different  fides  of  it  ; which  fire-places 
may  be  conftrudted  and  regulated  like  the  fire- 
places of  the  furnaces  ufed  for  burning  porce- 
laine,  or  earthen  ware. 

At  the  bottom  of  the  Kiln  there  is  a door,  which 
is  occafionally  opened  to  take  out  the  lime. 

When,  in  confequence  of  a portion  of  lime  be- 
ing drawn  out  of  the  Kiln,  its  contents  fettle  down, 
or  fubfide,  the  empty  fpace  in  the  upper  part  of  the 
Kiln,  which  is  occafioned  by  this  fubtra&ion  of  the 
burned  lime,  is  immediately  filled  up  with  frelh 
lime-ftone. 

As  foon  as  a portion  of  lime  is  taken  away,  the 
door  by  which  it  is  removed  mu  ft  be  immediately 
fhut,  and  the  joinings  well  clofed  with  moift  clay, 
to  prevent  a draught  of  cold  air  through  the  Kiln. 
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A fmall  opening  however  muft  be  left,  for  reafonu 
which  I fhall  prefently  explain. 

As  the  Fire  enters  the  Kiln  at  fome  diftance  from 
the  bottom  of  it,  and  as  the  flame  rifes  as  foon  as 
it  comes  into  this  cavity,  the  lower  part  of  the  Kiln 
(that  below  the  level  of  the  bottom  of  the  fire-place) 
is  occupied  by  lime  already  burned  ; and  as  this 
lime  is  intenfely  hot,  when,  on  a portion  of  lime 
from  below  being  removed,  it  defcends  into  this 
part  of  the  Kiln,  and  as  the  air  in  the  Kiln,  to 
which  it  communicates  its  heat,  muft  rife  upwards 
in  confequence  of  its  being  heated,  and  pafs  off 
through  the  opening  at  the  top  of  the  Kiln,  this  lime 
in  cooling  is,  by  this  contrivance,  made  to  aflift  in 
heating  the  frefh  portion  of  cold  lime-ftone  with 
which  the  Kiln  is  charged.  To  facilitate  this  com- 
munication  of  heat  from  the  red-hot  lime  juft 
burned,  to  the  lime-ftone  above,  in  the  upper  part 
of  the  Kiln,  a gentle  draught  of  air  through  the 
Kiln  from  the  bottom  to  the  top  of  it,  muft  be 
eftablifhed,  which  is  done  by  leaving  an  opening  in 
the  door  below,  by  which  the  cold  air  from  with- 
out may  be  fuffered  to  enter  the  Kiln.  This  open-, 
ing  (which  fhould  be  furnifhed  with  fome  kind  of  a 
regifter)  muft  be  very  fmall,  otherwife  it  will  occa- 
fion  too  ftrong  a draught  of  cold  air  into  the  Kiln, 
and  do  more  harm  than  good  ; and  it  will  probably 
be  found  to  be  beft  to  clofe  it  entirely,  after  the 
lime  in  the  lower  part  of  the  Kiln  has  parted  with 
a certain  proportion  of  its-  heat. 


Conceiving 
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Conceiving  the  improvement  of  Lime-kilns  to  be 
a matter  of  very  great  national  importance,  efpecially 
fince  the  ufe  of  lime  as  manure  has  become  fo  gene* 
ral,  I intend  to  devote  the  firft  leifure  time  I can 
fpare  to  a thorough  inveftigation  of  that  fubjedt ; — 
in  the  mean  time,  I have  here  thrown  out  the  loofe 
ideas  I have  formed  refpedting  it,  in  order  that  they 
may  be  examined,  corredted,  and  improved  upon  by 
others  who  may  be  engaged  in  the  fame  purfuits. 

The  model  I caufed  to  be  conftructed  in  the 
court-yard  of  the  Dublin  Society,  is,  I am  fenfible, 
very  imperfedt.  It  was  built  in  a great  hurry, 
being  begun  and  finilhed  the  fame  day,— -the  day 
but  one  before  I left  Ireland  ; — but  I.  am  now  en- 
gaged in  conflrudling  a Lime-kiln  on  the  fame  prin- 
ciples, (for  the  ufe  of  the  farm  in  the  Englilh 
Garden  at  Munich,)  which  I fhall  take  pains  to 
make  as  perfedt  as  poffible ; and  fliould  it  be  found 
to  anfwer  as  well  as  I have  reafori  to  hope  it  will, 
I fhall  not  fail  to  give  a particular  account  of  it  to 
the  Public,  accompanied  with  drawings,  and  all  the 
details  that  (hall  be  necelfary  in  order  to  give  the 
mod  fatisfadlory  account  of  the  refult  of  the  Expe- 
riment. 

Thefe  invefligations  will  be  the  more  interefting, 
and  the  refults  more  generally  ufeful,  as  the  dif- 
covery  of  a mine  of  pit-coal  in  the  neighbourhood 
of  Munich,  which  is  now  worked  with  fuccefs, 
has  put  it  in  my  power  to  ufe  coal  as  Fuel,  as  well 
as  wood  and  turf,  in  the  Experiments  I fhall  make 
in  burning  lime  in  this  Kiln. 


For 
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For  the  information  of  thofe  who  may  be  dif- 
pofed  to  engage  in  thefe  purfuits,  I have  published 
the  annexed  (ketch  of  the  Lime -kiln  in  queftion, 
which  is  now  a&ually  building.  (See  Plate  VI.) 
I thought  it  right  to  do  this,  that  we  might  ftart 
fair ; and  I can  allure  my  competitors  in  this  race, 
that  I lhall  feel  no  ill-will  on  feeing  them  get  before 
me. 

If  I do  not  deceive  myfelf,  the  laudable  exertions 
of  others  afford  me  almoft  as  much  pleafure  as 
my  own  purfuits  ; — at  Ieaft  I am  quite  certain  that 
when  I can  flatter  myfelf  that  I have  had  any, — 
even  the  fmallefl:  lhare, — in  exciting  thofe  exertions, 
the  fatisfa&ion  I feel  in  contemplating  them  is 
inexpreflible. 


( i«7  ) 


DESCRIPTION  of  the  PLATES. 

PLATE  I. 

TJ'ig.  i.  A view  of  a double  cover  for  a boiler  or 
A faucepan.  In  this  defign  the  rim  is  feen  which 
enters  the  boiler,  and  the  tube  by  which  the  fleam 
goes  off  is  feen  in  part  (above), — and  is  in  part  in- 
dicated by  dotted  lines.  (See  page  18.) 

Fig.  2 Ihows  this  cover  placed  on  its  boiler. 
Part  of  the  fide  of  the  cover  is  reprefented  as  want- 
ing, in  order  that  the  fleam  tube  might  be  better 
feen.  The  height  of  this  cover  is  reprefented  as 
being  equal  to  one-half  its  diameter ; but  I have 
found  one-third , or  even  one-quarter  of  its  diameter 

to  be  quite  fufficient  for  its  height. 

/ 

Fig.  3 and  Fig.  4 are  views  of  my  circular 
difhing-grates  for  doled  kitchen  fire-places.  They 
may  be  made  of  any  fize,  from  5 inches  to  18 
inches  in  diameter,  according  to  the  fize  of  the 
boiler.  The  rules  I have  in  general  followed,  in 
determining  the  fize  proper  for  the  grate  for  any 
(circular)  boiler,  has  been  to  make  its  diameter 
equal  to  half  the  diameter  of  the  boiler  at  the  brim. 
(Seepage  41,) 

Fig.  5 is  an  inverted  hollow  cone  of  thin  fheet- 
iron,  which  is  placed  immediately  under  the  grate, 

its 
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its  brim  being  made  to  receive  the  circular  rim  of 
the  grate.  When  the  fire-place  is  large,  this  in- 
verted cone  may  be  made  of  fire-ftone,  or  it  may'  be 
conftru&ed  of  bricks  and  mortar.  For  fmall  fire- 
places it  may  be  made  of  earthen  ware,  which  is 
perhaps  the  very  belt  material  for  it  that  can  be 
found,  (See  page  43.) 

Fig.  6,  Fig.  7,  and  Fig.  8,  are  views  and  feflions 
of  a perforated  tile,  with  its  ftopper,  fuch  as  are 
ufed  for  clofing  the  entrance  by  which  the  Fuel  is 
introduced  into  clofed  kitchen  fire-places.  The 
diameter  of  the  circular  opening,  or  hole  in  the 
tile,  may  be  from  6 to  7 inches.  (See  page  30.) 

PLATE  IL 

The  various  Figures,  from  No.  9 to  No.  16  of 
this  Plate,  (how  the  conftru&ion  of  an  afh-pit  door, 
with  its  regifter.  (See  page  31.) 

Fig.  9 is  a front  view  of  the  door  with  its  re- 
gifter.— The  whole  is  conftrutted  of  fheet-iron, 
except  the  four  narrow  pieces  at  the  four  corners, 
which  hold  down  in  its  place  the  circular  plate  of 
the  regifter  ; and  the  fmall  circular  plate  (as  large 
as  an  half-crown)  in  the  centre  of  the  regifter, 
which  are  made  of  brafs,  on  account  of  that  metal 
not  being  fo  liable  to  ruft,  as  iron. 

Fig.  1 o is  a fide  view  of  the  backfide  of  the  door, 
fixed  in  its  frame,  in  which  the  manner  of  its  be- 
ing fhut  in  its  frame  is  feen,  and  the  iron  ftraps 

a h 
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abed  are  feen,  by  which  the  frame  is  fattened  in 
the  brick-work. 

Fig.  11  is  an  horizontal  feftion  through  the 
middle  of  the  door  and  its  frame,  and  through  the 
button  which  ferves  for  {hutting  the  door. 

Fig.  12  is  a feCtion  of  this  button,  on  an  en- 
larged fcale,  Ihowing  the  manner  in  which  it  is 
conftruCted. 

Fig.  1 3 is  the  plate  of  fheet-iron  which  forms  the 
front  of  the  door,  with  the  holes  in  it,  by  which  the 
other  parts  of  the  machinery  are  fixed  to  it. 

Fig.  14  is  the  circular  plate  which  forms  the  re- 
gifter — to  this  plate  is  fixed  a projecting  knob,  or 
button,  (reprefented  in  the  figure,)  by  which  it  is 
turned  about. 

Fig.  1 5 and  Fig.  1 6 fhow,  on  an  enlarged  fcale, 
one  of  the  four  pieces  of  brafs  by  which  the  circular 
plate  of  the  regifter  is  kept  down  in  its  place. 

0 

In  conftruCting  thefe  regitter  doors,  and  in  ge- 
neral all  iron  doors  for  fire-places,  great  and  fmall, 
the  door  fhould  never  fhut  in  a rabbet,  or  groove, 
in  the  frame,  but  fhould  merely  fhut  down  on  the 
front  edge  of  the  frame , which  edge,  by  grinding  it 
on  the  flat  furface  of  a large  flat  flone,  fliould  be 
made  quite  level  to  receive  it.  If  this  be  done, 
and  if  the  plate  of  iron  which  conftitutes  the  door 
be  made  quite  flat,  and  if  it  be  properly  fixed  on  its 
hinges,  the  door  will  always  fhut  with  facility  and 
clofe  the  opening  with  preciflon,  notwithftanding 

the 
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the  effects  of  the  expanfion  of  the  metal  by  heat  \ 
but  this  cannot  be  the  cafe  when  the  doors  of  fire-* 
places  are  fitted  in  grooves  and  rabbets. 

Where  the  heat  is ' very  intenfe,  the  frame  of  the 
door  fhould  be  made  of  fire-ftone  ; and  that  part  of 
the  door  which  is  expofed  naked  to  the  fire  fhould 
be  covered,  either  with  a fit  piece  of  fire-ftone,  faft- 
ened  to  it  with  clamps  of  iron,  or  a fufficient  num- 
ber of  ftrong  nails,  with  long  necks  and  flat  heads, 
or  of  flaples,  being  driven  into  that  fide  of  the  plate 
of  iron  which  forms  the  door  which  is  expofed, 
that  fide  of  it  fliould  be  covered  with  a body  about 
two  inches  thick  of  flrong  clay  mixed  with  a due 
portion  ofcoarfe  powder  of  broken  crucibles,  wdiich 
mafs  will  be  held  in  its  place  by  the  heads  of  the 
nails,  and  by  the  projedting  flaples.  This  mafs 
being  put  on  wet,  and  gently  dried,  the  cracks 
being  carefully  filled  up  as  they  appear,  and  the 
w hole  well  beaten  together  into  a folid  mafs,  will, 
when  properly  burned  on  by  the  heat  of  the  fire, 
form  a covering  for  the  door  which  will  effectually 
defend  it  from  all  injury  from  the  fire  ; and  the 
door  fo  defended  will  laft  ten  times  longer  than  it 
would  laft  without  this  defence. 

The  infide  doors  of  the  two  Brew-houfe  Fire- 
places which  I have  fitted  up  at  Munich  are  both 
defended  from  the  heat  in  this  manner ; and  the 
contrivance,  which  has  anfwered  perfectly  all  that 
was  expedted  from  it,  has  not  been  found  to  be  at- 
tended with  any  inconvenience  whatever. 


PLATE 
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PLATE  III. 

Fig.  17  is  a front  view  of  the  new  boiler  of  the 
brew-houfe  called  Neuheufal , or  rather  of  its  fire- 
place and  cover  (the  boiler  being  concealed  in  the 
brick-work).  The  infide  door  of  the  fire-place  is 
here  reprefented  (hut ; and,  in  order  that  it  might 
appear,  the  outfide  door  is  taken  off  its  hinges,  and 
is  not  fhown.  The  two  vaulted  galleries  A B in 
the  folid  mafs  of  the  brick-work,  on  the  right  and 
left  of  the  fire-place,  (which  were  made  to  fave 
bricks,)  ferve  for  holding  fire-wood.  The  partition 
walls  of  the  fire-place  and  the  different  flues,  as 
alfo  a fe&ion  of  the  boiler,  are  reprefented  by  dot- 
ted lines.  The  fmall  circular  hole  on  the  left  of 
the  fire-place  door  is  the  window  opening  into  the 
fire-place,  by  which  the  burning  Fuel  may  be  feen. 

a b is  the  wooden  curb  of  the  boiler  : c cl  a 
platform  on  which  the  men  (land  when  they  wbrk 
in  emptying  the  boiler,  &c. : e f is  a platform 
which  ferves  as  a paflage  from  one  fide  of  the 
boiler  to  the  other.  This  platform,  which  is  about 
18  inches  wide,  is  12  inches  higher  than  the  other 
platforms,  in  order  that  the  openings  g and  h , into 
the  flues,  may  remain  free.  Thefe  openings,  which 
are  opened  only  occafionally,  that  is  to  fay,  when 
the  flues  want  cleaning,  are  kept  clofed  by  double 
brick-walls.  Thefe  walls  are  exprefled  in  the  fol- 
lowing Figure. 

Fig.  18.  This  is  a horizontal  fe&ion  of  the  fire- 
place at  a level  with  the  bottom  of  the  boiler. 

a a 
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a a a a are  four  openings  by  which  the  flues* 
which,  in  the  firft  arrangement  of  this  fire-place, 
went  round  the  outfide  of  the  boiler,  was  occa- 
fionally  cleaned  : b is  the  canal  by  which  the  fmoke 
went  off  into  the  chimney. 

The  entrance  into  the  fire-place,  and  the  conical 
perforation  in  the  wall  of  the  fire-place  which  ferves 
as  a window  for  obferving  the  fire,  are  marked  by 
dotted  lines.  The  pofition  of  the  infide  door  of 
the  fire-place  is  marked  by  a dotted  line,  c d. 
The  circular  difhing -grate  is  feen  in  its  place  ; and 
the  walls  of  the  flues  under  the  boiler  are  all  feen* 
The  crooked  arrows  in  the  flues  fhow  the  direction 
of  the  flame.  (See  page  100.) 

( 

PLATE  IV* 

1 

Fig.  19  is  a vertical  fedlion  of  the  boiler  repre- 
Tented  in  the  foregoing  Plate  (Fig.  17.)-  This  fac- 
tion is  taken  through  the  middle  of  the  boiler, — of 
the  fire-place ; — and  of  the  cover  of  the  boiler.  A is 
the  afh-pit,  with  a fedlion  of  its  regifter  door.  B is 
the  fire-place,  and  its  circular  difhing-grate.  C is 
the  entrance  by  which  the  Fuel  is  introduced,  with 
fedtions  of  its  two  doors.  D is  a fpace  left  void  to 
fave  bricks.  E is  the  boiler,  and  F its  wooden 
cover,  m is  the  fleam  chimney,  which  is  furnifhed 
with  a damper.  R R is  the  vertical  wall  cf  the 
houfe  againfl  which  the  brick-work  in  which  the 
boiler  is  fixed  is  placed. 

a b is  the  curb  of  timber  in  which  the  boiler  is 
fet. 
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The  manner  in  which  the  cover  of  the  boiler  is 
conftru&ed,  as  well  as  its  form,  and  the  door  and 
windows  which  belong  to  it,  are  all  feen  diftinftly 
in  this  Figure. 

Fig.  20  is  an  horizontal  fe&ion  of  this  fire-place 
taken  on  a level  with  the  bottom  of  the  flue  which 
goes  round  the  outfide  of  the  boiler  ; in  which  flue, 
before  the  fire-place  was  altered,  the  flame  circu- 
lated. The  flues  under  the  boiler  are,  in  this 
Figure,  indicated  by  dotted  lines. 

P L A T E V. 

Fig.  2 1 is  an  horizontal  feftion  of  the  fire-place 
of  the  brewhoufe  boiler,  at  a level  with  the  top 
of  the  flues  under  the  boiler,  after  the  fiue  round,  the 
outfide  of  the  boiler  had  been  flopped  up , or  rather  the 
flame  prevented  from  circulating  in  it.  This  Fi- 
gure fhows  the  a&ual  flate  of  the  fire-place  at  the 
prefent  time.  (Seepage  126.) 

The  crooked  arrows  fhow  the  dite£lion  of  the 
flame  in  the  flues—  a b are  the  two  canals  (each 
of  which  is  furnifhed  with  a damper)  by  which  the 
fmoke  goes  off  into  the  chimney  ; — and  c c c c 
c c are  fix  fmall  openings  communicating  with 
the  flues,  by  which  the  flame  and  hot  vapour  can 
pafs  up  into  the  cavity  on  the  outfide  of  the  boiler 
which  formerly  ferved  as  a flue. 

Fig.  22  is  a front  view  of  the  afh-pit  door  of 
this  brewhoufe  fire-place,  with  its  regifter.  This 
door  is  clofed  by  means  of  a latch  of  a particular 
conftru&ion,  which  is  fhovvn  in  the  Figure. 

vol.  11.  o Fig, 
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Fig.  33  is  the  door  without  its  regifter  ; — and 

Fig.  24  the  circular  plate  of  the  regifter  repre- 
fented  alone. 

This  afh-pit  door  fhuts  againfl  the  front  edge  of 
its  frame,  and  not  into  it;,  the  reafons  for  pre- 
ferring this  method  of  fitting  the  door  to  its  frame 
have  already  been  explained.  (See  defcriptions  of 
the  Plate  II.) 


PLATE  VI. 

/ 

Fig.  25  is  a fedlion  of  a fmall  lime-kiln,  built, 
or  rather  now  building,  at  Munich,  for  the  purpofe 
of  making  experiments.  The  height  of  the  kiln  is 
15  feet ; — its  internal  diameter  below,  2 feet, — and 
above,  9 inches.  4n  order  more  effedlually  to  con- 
fine the  heat,  its  walls,  which  are  of  bricks  and  very 
thin,  are  double,  and  the  cavity  between  them 
is  filled  with  dry  wood  afhes.  To  give  greater 
ftrength  to  the  fabrick,  thefe  two  walls  are  con- 
ne&ed  in  different  places  by  horizontal  layers  of 
bricks  which  unite  them  firmly. 

a is  the  opening  by  which  the  fuel  is  put  into 
the  fire-place.  Through  this  opening  the  air  de- 
fcends  which  feeds  the  fire.  The  fire-place  is  re- 
prefented  nearly  full  of  coals,  and  the  flame  paffing 
off  laterally  into  the  cavity  of  the  kiln,  by  an  open- 
ing made  for  that  purpofe  at  the  bottom  of  the  fire- 
place. 

The  opening  above,  by  which  the  fuel  is  intro- 
duced into  the  fire-place,  is  covered  by  a plate  of 
\ iron, 
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iron,  moveable  on  hinges ; which  plate,  by  being 
lifted  up  more  or  lefs  by  means  of  a chain,  ferves 
as  a regifter  for  regulating  the  fire. 

A fection  of  this  plate,  and  of  the  chain  by  which 
it  is  fupported,  are  fhown  in  the  Figure. 

b is  an  opening  in  the  front  wall  of  the  fire-place, 
which  ferves  occafionally  for  cleaning  out  the  fire- 
place, as  alfo  for  cleaning  out  the  opening  by  which 
the  flame  paftes  from  the  fire-place  into  the  kiln.  This 
opening,  which  muff  never  be  quite  clofed,  ferves 
likewife  for  admitting  a fmall  quantity  of  air  to  pafs 
horizontally  into  the  fire-place.  A fmall  proportion 
of  air  admitted  in  this  manner  has  been  found  to  be 
ufeful,  and  even  neceffary,  in  fire-places  in  which, 
in  order  to  confume  the  fmoke,  the  flame  is  made 
to  defeend.  Several  fmall  holes  for  this  purpofe, 
fitted  with  conical  Hoppers,  may  be  made  in  dif- 
ferent parts  of  the  front  wall  of  the  fire-place. 

The  bottom  of  the  fire-place  is  a grate,  con- 
ftru&ed  of  bricks  placed  edgewife,  and  under  this 
grate  there  is  an  afh-pit ; but  as  no  air  muff  be 
permitted  to  pafs  up  through  this  grate  into  the  fire- 
place the  afh-pit  door,  c is  kept  conflantly  clofed 
being  only  opened  occafionally  to  remove  the  allies. 

d,  is  the  opening  by  which  the  lime  is  taken  out 
of  the  kiln  ; which  opening  muff  be  kept  well 
clofed,  in  order  to  prevent  a draught  of  cold  air 
through  the  kiln. 

As  only  as  much  lime  mud  be  removed  at  once 
as  is  contained  in  that  part  of  the  kiln  which  lies 
below  the  level  of  the  bottom  of  the  fire-place,  to 

be 
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be  able  to  afeertain  when  the  proper  quantity  is 
taken  away,  the  lime,  as  it  comes  out  of  the  kiln, 
may  be  .directed  into  a pit  funk  in  the  ground  in 
front  of  the  opening  by  which  the  lime  is  removed, 
this  pit  being  made  of  proper  fize  to  ferve  as  a 
meafure. 

While  the  lime  is  removing  from  the  bottom  of 
the  kiln,  frefh  lime-ftone  fliould  be  put  into  it 
above ; and,  during  this  operation,  the  fire  may  be 
damped  by  clofmg  the  top  of  the  fire-place  with  its 
iron-plate. 

Should  it  be  found  neceffar.y,  the  fire,  and  the 
diftribution  of  the  heat,  may,  in  burning  the  lime, 
be  farther  regulated  by  clofmg  more  or  lefs  the 
opening  at  the  top  of  the  lime-kiln  with  a flat  piece 
of  fireflone,  or  a plate  of  caft  iron. 

The  double  walls  of  the  kiln,  and  the  void  fpace 
between  them,  as  alfo  the  horizontal  layers  of 
bricks  by  which  they  are  united,  are  clearly  and 
diftin&ly  expreffed  in  the  Figure.  The  kiln  is  re- 
prefented  as  being  nearly  filled  with  fmall  round 
{tones,  fuch  as  are  ufed  at  Munich  in  burning  lime. 
Thefe  ftones  are  brought  down  from  the  calcareous 
mountains  on  our  frontiers,  by  the  river  (the  Ifar), 
and  are  rounded  by  rubbing  againfl  each  other  as 
they  are  rolled  along  by  the  impetuofity  of  the 
torrent. 


END  OF  THE  SIXTH  ESSAY. 
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• ESSAY  VII. 

PART  I. 

Of  a remarkable  Law  which  has  been  found 
to  obtain,  in  the  Condenfation  of  Water 
with  Cold,  when  it  is  near  the  Temperature 
at  which  it  freezes  ; and  of  the  wonderful 
Effects  which  are  produced  by  theOperation 
of  that  Law,  in  the  Economy  of  Nature. 

Together  with  Conjectures  refpeCting  the 
Final  Cause  of  the  Saltness  of  the 
Sea. 


CHAP.  I. 

Danger  of  admitting  received  Opinions  in  Phiiofophical 
Invcjligatiom , without  Examination. — The  free 
Paffage  of  Heat,  in  all  Bodies uin  all  Diredions , 
never  yet  called  in  quefion. — Heat  does  not , how- 
ever, pafs  in  this  Manner , in  all  Bodies  without 
Exception. — Air  and  Water,  and  probably  all 
other  Fluids,  are , in  fad , Non-conductors 
of  He  at  .-^-Accidental  Difcoveries,  which  led  to 
an  experimental  Invejligation  of  this  curious  Subjed. 
— The  internal  Motions  among  the  Particles  of 
Fluids  rendered  vifible. — The  Propagation  of  Heat 
in  Fluids  objlruded  and  retarded , by  every  thing 
which  objiruds  the  internal  Motions  of  their  Par- 
ticles ; — hence  there  is  Rcafon  to  conclude , that  Heat 
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is  propagated  in  them , only  in  confequence  of  thofe 
Motions  ; — that  it  is  tranf ported  by  them , — not  fuf- 
feredto pafs  through  them. — Furs  a?id  Feathers, 
and  all  other  like  Subftances , which , in  Air , form 
warm  Covering  for  confining  Heat , found , by  Ex- 
periment, to  produce  the  fame  FffcCts  in  Water. — 
Thefc  Effects  arc  probably  produced  in  both  Fluids 
in  the  fame  Manner , namely , by  obfiruCling  the 
Motions  of  their  Particles , in  the  Operation  of 
tranfporting  the  Heat. — The  conducting  Power  of 
Water , remarkably  impaired  by  mixing  with  it  fuch 
Subfiances  as  render  it  vifeous , and  diminifh  its 
Fluidity. — Thofe  Difcoveries  ref  pc  Cling  the  Manner 
in  which  Heat  is  propagated  in  Water , throw  much 
Light  on  fever a l of  the  mofit  inter efting  Operations 
in  the  Economy  of  Nature. — They  enable  us  to  ac- 
count, in  a fatis faClory  Manner,  for  the  Preferva- 
tion  of  Trees  and  other  Vegetables,  and  of  Fruits, 
during  the  Winter,  in  cold  Climates. 

T t is  certain,  that  there  is  nothing  more  danger- 
**  ous,  in  philofophical  inveftigations,  than  to  take 
any  thing  for  , granted,  however  unqueftionable  it 
may  appear,  till  it  has  been  proved  by  direct  and 
decifive  experiment. 

I have  very  often,  in  the  courfe  of  my  philofo- 
phical refearches,  had  occafion  to  lament  the  con- 
fequences  of  my  inattention  to  this  molt  necefiary 
precaution. 

There  is  not,  perhaps,  any  phenomenon  that 
more  frequently  falls  under  our  obfervation,  than 
the  propagation  of  Heat.  The  changes  of  the 
j.  , tempera- 
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temperature  of  fenfible  bodies — of  folids — liquids—— 
and  elaftic  fluids,  are  going  on  perpetually  under 
our  eyes  ; and  there  is  no  fad  which  one  would 
not  as  foon  think  of  calling  in  queftion,  as  to 
doubt  of  the  free  paffage  of  Heat,  in  all  diredions, 
through  all  kinds  of  bodies.  But,  however  obvi- 
oufly  this  conclufion  appears  to  flow,  from  all  that 
we  obferve  and  experience  in  the  common  courfe 
of  life,  yet  it  is  certainly  not  true ; — and  to  the 
erroneous  opinion  refpeding  this  matter,  which  has 
been  univerfally  entertained — by  the  learned,  and 
by  the  unlearned — and  which  has,  I believe,  never 
even  been  called  in  queftion,  may  be  attributed  the 
little  progrefs  that  has  been  made  in  the  inveftigation 
of  the  fcience  of  Heat : a fcience,  aflfuredly,  of  the 
utmoft  importance  to  mankind  ! 

Under  the  influence  of  this  opinion,  I,  many 
years  ago,  began  my  experiments  on  Heat ; and 
had  not  an  accidental  difeovery  drawn  my  attention 
with  irrefiftible  force,  and  fixed  it  on  the  fubjed, 

. I probably  never  flrould  have  entertained  a doubt 
of  the  free  paffage  of  Heat  through  air  ; and  even 
after  I had  found  reafon  to  conclude,  from  the 
refults  of  experiments  which  to  me  appeared  to  be 
perfedly  decifive,  that  air  is  a non-condudlor  of 
Heat  ; or  that  Heat  cannot  pafs  through  it,  with- 
out being  tranfported  by  its  particles ; which,  in 
this  procefs,  ad  individually,  or  independently  of 
each  other : yet,  fo  far  from  purfuing  the  fubjed, 
and  contriving  experiments  to  afeertain  the  manner 
in  which  Heat  is  communicated  in  other  bodies, 

I was  not  fufficiently  awakened  to  fufped  it  to  be 
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even  poflible,  that  this  quality  could  extend  farther 
than  to  elaflic  fluids. 

With  regard  to  liquids,  fo  entirely  perfuaded  was 
I,  that  Heat  could'pafs  freely,  in  them , in  all  direc- 
tions, that  I was  perfe&ly  blinded  by  this  prepof- 
fefiion,  and  rendered  incapable  of  feeing  the  mod 
linking  and  mod  evident  proofs  of  the  fallacy  of 
this  opinion. 

I have  already  given  an  account,  in  one  of  my 
late  publications — (Eflay  VI.  on  the  Management 
of  Fire,  and  the  Economy  of  Fuel) — of  the  man- 
ner in  which  I was  led  to  difcover,  that  fleam  and 
fame  are  non-condudors  of  Heat : — I lhall  now  lay 
before  the  Public  an  account  of  a number  of  expe- 
riments I have  lately  made,  which  feem  to  Ihow 
that  water, — and  probably  all  other  liquids, —and 
Fluids  of  every  kind,  poflefs  the  fame  property. 
That  is  to  fay,  that  although  the  particles  of  any 
Fluid,  individually , can  receive  Heat  from  other 
bodies,  or  communicate  it  to  them  ; yet  among 
thefe  particles  themfelves,  all  interchange  and  com- 
munication of  Heat  is  abfolutely  impoflible  *. 

It  may,  perhaps,  be  thought  not  altogether  un- 
interefting,  to  be  acquainted  with  the  various  fleps 
by  which  I was  led  to  an  experimental  invefligation 
of  this  curious  fubject  of  inquiry. 

* I do  not  pretend  to  determine  the  caufe  of  this  phyfical  impofll- 
bility.  Perhaps  it  may  be  owing  merely  to  the  extreme  mobility  of 
the  integrant  particles,  or  molecules  of  Fluids.  My  refearches  have 
all  been  confined  to  the  Difcovery  of  the  Fa£f,  and  I cheerfully  leave 
to  others  the  ir.veftigation  of  its  caufes.  [This  Note  was  firif  intro- 
duced in  the  thiid  Edition  of  this  EfTay,  publifhed  in  the  month  of 
March  iSoo,] 
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‘ When  dining,  I had  often  obferved  that  fome 
particular  difhes  ‘retained  their  Iieat  irrach  longer 
than  others  $ and  that  apple-pies,  and  apples  and 
almonds  mixed, — (a  dilh  in  great  repute  in  Eng- 
land,)— remained  hot  a furprizing  length  of  time. 

Much  ftriick  with  this  extraordinary  quality  of 
retaining  Heat,  which  apple's  appeared  to  poffefs,  it 
frequently  occurred  to  my  recollection  ; and  I never 
burnt  my  mouth  with  them,  or  faw  others  meet  with 
the  fame  misfortune,  without  endeavouring,  but  in 
vain,  to  find  out  fome  way  of  accounting,  in  a fatif- 
faCtory  manner,  for  this  furprifing  phsenomenon. 

About  four  years  ago,  a fimilar  accident 
awakened  my  attention,  and  excited  my  curidfity 
(till  more  : being  engaged  in  an  experiment  which  I 
could  not  leave,  in  a room  heated  by  an  iron  ftove, 
my  dinner,  which  confided  of  a bowl  of  thick  rice- 
foup,  was  brought  into  the  room ; and  as  I hap- 
pened to  be  too  much  engaged  at  the  time  to  eat 
it,  in  order  that  it  might  not  grow  cold,  I ordered 
it  to  be  fet  down  on  the  top  of  the  ftove  : about  an. 
hour  afterwards,  as  near  as  I can  remember,  begin- 
ning to  grow  hungry,  and  feeing  my  dinner  (land- 
ing on  the  ftove,  I went  up  to  it,  and  took  a fpoo'n- 
ful  of  the  foup,  which  I found  almoft  cold,  and 
quite  thick.  Going,  by  accident,  deeper  with  the 
fpoon  the  fecond  time,  this  fecond  fpoon-full  burnt 
my  mouth*.  This  accident  recalled  very  forcibly 

* It  is  probable  that  the  ftove  happened  to  be  nearly  cold  when 
the  bowl  was  fet  down  upon  it,  and  that  the  foup  had  grown  almoft 
cold  ; when,  a frefh  quantity  of  fuel  being  put  into  the  ftove,  the 
that  had  been  bidden  ly  increafed. 
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to  my  mind  the  recollection  of  the  hot  apples  and 
almonds,  with  which  I had  fo  often  burned  my 
mouth,  a dozen  years  before  in  England;  but 
even  this,  though  it  furprifed  me  very  much,  was 
not  fufficient  to  open  my  eyes,  and  to  remove  my 
prejudices  refpeCting  the  conducing  power  of  water. 

Being  at  Naples,  in  the  beginning  of  the  year 
1794,  among  the  many  natural  curiofities  which 
attracted  my  attention,  I was  much  {truck  with 
feveral  very  interefting  phenomena  which  the  hot 
baths  of  Baia  prefented  to  my  obfervation  ; and 
among  them  there  was  one,  which  quite  aftonifhed  me : 
{landing  on  the  fea-lhore,  near  the  baths,  where  the 
hot  {team  was  i {filing  out  of  every  crevice  of  the 
rocks,  and  even  rifmg  up  out  of  the  ground,  I had 
the  curiofity  to  put  my  hand  into  the  water  : As  the 
waves  which  came  in  from  the  fea  followed  each 
other  without  intermiffion,  and  broke  over  the  even 
fur  face  of  the  beach,  I was  not  furprifed  to  find  the 
water  cold  ; — but  I was  more  than  furprifed,  when, 
on  running  the  ends  of  my  fingers  through  the  cold 
water  into  the  fand,  I found  the  heat  fo  intolerable, 
that  I was  obliged  infiantly  to  remove  my  hand. 

The  fand  was  perfectly  wet  ; and  yet,  the  tem- 
perature was  fo  very  different  at  the  fmall  diftance 
of  two  or  three  inches  ! — I could  not  reconcile 
this  with  the  fuppofed  great  conducting  power  of 
water. — I even  found  that  the  top  of  the  fand  was, 
to  all  appearance,  quite  as  cold  as  the  water  which 
flowed  over  it ; and  this  increafed  my  aftonifhment 
{till  more.  I then,  for  the  firft  time,  began  to  doubt 
of  the  conducting  power  of  water , and  refolved  to 
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fet  about  making  experiments  to  afcertain  the  fa£t ; 
I did  not  however  put  this  refolution  into  execution 
till  about  a month  ago  ; and  fhould  perhaps  never 
have  done  it,  had  not  another  unexpected  appear- 
ance again  called  my  attention  to  it,  and  excited 
afrefh  all  my  curiofity. 

In  the  courfe  of  a fet  of  experiments  on  the 
communication  of  Heat,  in  which  I had  occafion 
to  ule  thermometers  of  an  uncommon  fize, — (their 
globular  bulbs  being  above  four  inches  in  diameter,) 
— filled  with  various  kinds  of  liquids,  having  ex- 
pofed  one  of  them,  which  was  filled  with  fpirits  of 
wine,  in  as  great  a heat  as  it  was  capable  of 
fupporting,  I placed  it  in  a window,  where  the 
fun  happened  to  be  fhining,  to  cool  ; when,  call- 
ing my  eye  on  its  tube*  which  was  quite  naked, — 
(the  divifions  of  its  fcale  being  marked  in  the  glafs 
with  a diamond,) — I obferved  an  appearance  which 
furprifed  me,  and  at  the  fame  time  interefled  me 
very  much  indeed.  I faw  the  whole  mafs  of  the 
liquid  in  the  tube  in  a mod  rapid  motion,  running 
fwiftly  in  two  oppofite  dire&ions,  up,  and  down , at 
the  lame  time. 

The  bulb  of  the  thermometer,  which  is  of 
copper,  had  been  made  two  years  before  I found 
leifure  to  begin  my  experiments  ; and  having  been 
left  unfilled,  without  being  clofed  with  a dopple, 
fome  fine  particles  of  dull  had  found  their  way 
into  it,  and  thefe  particles,  which  were  intimately 
mixed  with  the  fpirits  of  wine,  on  their  being  illu- 
minated by  the  fun’s  beams,  became  perfectly 
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vifible, — (as  the  dull:  in  the  air  of  a darkened  room 
is  illuminated  and  rendered  vifible  bv  the  fun-beams 

J 

which  come  in  through  a hole  in  the  window-lhut- 
ter,) — and  by  their  motion  difcovered  the  violent 
motions  by  which  the  fpirits  of  wine  in  the  tube  of 
the  thermometer  was  agitated. 

This  tube,  which  is  -of  an  inch  in  diametef 
internally,  and  very  thin,  is  compofed  of  very 
tranfparent,  colourlefs  glafs,  which  rendered  the 
appearance  clear  and  diftinfr,  and  exceedingly 
beautiful.  On  examining  the  motion  of  the  fpirits 
of  wine  with  a lens,  I found  that  the  afcending 
current  occupied  the  axis  of  the  tube , and  that  it 
defcended  by  the  fides  of  the  tube. 

On  inclining  the  tube  a little,  the  rifing  current 
moved  out  of  the  axis,  and  occupied  that  fide  of 
the  tube  which  was  uppermoft,  while  the  defcending 
current  occupied  the  whole  of  the  lower  fide  of  it. 

When  the  cooling  of  the  fpirits  of  wine  in  the 
tube  was  haftened,  by  wetting  the  tube  with  ice- 
cold  water,  the  velocities  of  both  the  afcending  and 
the  defcending  currents  were  fenfibly  accelerated. 

The  velocity  of  thefe  currents  was  gradually 
lelfened,  as  the  thermometer  was  cooled  ; and  when 
it  had  acquired  nearly  the  temperature  of  the  air  of 
the  room,  the  motion  ceafed  entirely. 

By  wrapping  up  the  bulb  of  the  thermometer  in 
furs,  or  any  other  warm  covering,  the  motion 
might  be  greatly  prolonged. 

I repeated  the  experiment  with  a fimilar  thermo- 
meter, of  equal  dhnenfions,  filled  with  linfeed-oil, 
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and  the  appearances,  on  fetting  it  in  the  window  to 
cool,  were  juft  the  fame.  The  directions  of  the 
currents,  and  the  parts  they  occupied  in  the  tube, 
were  the  fame  ; and  their  motions  were,  to  all  ap- 
pearance, quite  as  rapid  as  thofe  in  the  thermometer 
which  was  filled  with  fpirits  of  wine. 

Having  now  no  longer  any  doubt  with  refpeCt  to 
the  umfe  of  thefe  appearances,  being  perfuaded 
that  the  motion  in  thefe  liquids  was  occafioned  by 
their  particles  going  individually , and  in  fuccejfion, 
to  give  off  their  Heat  to  the  cold  Tides  of  the  tube, 
in  the  fame  manner  as  I have  fhown  in  another 
place,  that  the  particles  of  air  give  off  their  Heat  to 
other  bodies,  I was  led  to  conclude  that  thefe,  and 
probably  all  other  liquids,  are  in  fact  non-conduttors 
of  Heat ; and  I went  to  work  immediately  to  con- 
trive experiments  to  put  the  matter  out  of  all  doubt. 

On  confidering  the  fubjeCt  attentively,  it  appear- 
ed to  me,  that  if  liquids  were  in  fact  non-conduftors 
of  Heat,  or  if  it  be  propagated  in  them  only  in  con- 
fequence  of  the  internal  motions  of  their  particles  ; 
in  that  cafe,  every  thing  which  tends  to  obftruCt  thofe 
motions,  ought  certainly  to  retard  the  operation, 
and  render  the  propagation  of  the  heat  flower,  and 
more  difficult.  I had  found  that  this  is  actually  the 
cafe  in  refpeCt  to  air  ; and  though  (under  the  influ- 
ence of  a ftrong  and  deep-rooted  prejudice)  I had, 
from  the  refult  of  one  imperfect  experiment,  too 
haftilv  concluded  that  it  did  not  take  place  in  regard 
to  water;  yet 'I  now  found  ftrong  reafons  to  call 
in  queftion  the  refult  of  that  experiment,  and  to  give 
the  fubject  a careful  and  thorough  inveftigation. 

Thinking 
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Thinking  that  the  beft  mode  of  proceeding,  in 
this  inquiry,  would  be  to  adopt  a method  fimilar 
to  that  I had  purfued  in  my  experiments  on  the 
conducing  power  of  Air,  I prepared  an  apparatus 
iuitable  to  that  purpofe.  The  firft  objedt  I had  in 
view  being  to  difcover  whether  the  propagation  of 
Heat  through  water  was  obftrudled  or  not,  by 
rendering  the  internal  motion  among  the  particles 
of  the  water,  occafioned  by  their  change  of  tem- 
perature, embarraffed  and  difficult,  I contrived  to 
make  a certain  quantity  of  Heat  pafs  through  a 
certain  quantity  of  pure  water,  confined  in  a cer- 
tain fpace  ; and  noting  the  time  employed  in  this 
operation,  I repeated  the  experiment  again,  with 
the  fame  apparatus,  with  this  difference  only,  that 
in  this  fecond  trial,  the  wrater  through  which  the 
Heat  was  made  to  pafs,  infiead  of  being  pure , was 
mixed  with  a fmall  quantity  of  fome  fine  fubffance, 
(fuch  as  eider-down , for  inffance,) — which,  without 
altering  any  of  its  chemical  properties,  or  impair- 
ing its  fluidity,  ferved  merely  to  obftrudt  and  em- 
barrafs  the  motions  of  the  particles  of  the  wjater 
in  tranfporting  the  Heat,  in  cafe  Heat  fhould  be 
actually  tranfported  or  carried  in  this  manner,  and 
not  buffered  to  pafs  freely  through  that  liquid. 

The  body  which  received  the  Heat,  and  which 
ferved,  at  the  fame  time,  to  meafure  the  quantity 
of  it  communicated,  was  a very  large  cylindrical 
thermometer.  (See  Plate  \.)  The  bulb  of  this 
thermometer,  which  is  conffrudled  of  thin  ffieet- 
copper,  is  cylindrical,  its  two  ends  being  hemi- 
fpheres. 
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Its  dhnenfions  are  as  follows ; 

'Diameter  - - 1.84  inches. 


Dimenfions  of 


IUIV.11UV110  t 1 

the  bulb  of  the  < r^cn£\ 


thermometer. 


4.99 


Capacity  or  contents  13.2099  cubic  inches. 
External  fuperficies  28.834  fuperficial inches. 


The  thicknefs  of  the  fheet-copper  of  which  it  is 
conftrufted,  is  0.03  of  an  inch.  It  weighs,  empty, 
1846  grains; — and  is  capable  of  containing  3344 
grains  of  water,  at  the  temperature  of  550.  This 
copper  bulb  has  a glafs  tube,  24  inches  long,  and 
-Jh.  of  an  inch  in  diameter  ; which  is  fitted  by  means 
of  a good  cork,  into  a cylindrical  tube  or  neck  of 
copper,  one  inch  long,  and  of  an  inch  in  dia- 
meter, belonging  to  the  metallic  bulb. 

This  thermometer,  being  filled  with  linfeed-oil, 
and  its  fcale  graduated,  was  fixed  in  the  axis  of  a 
hollow  cylinder,  conftrufted  of  thin  fiieet-copper, 
nf  inches  long;  and  2.3435  inches  in  diameter 
internally.  This  cylinder,  which  is  open  at  one 
end,  is  clofed  at  the  other  with  a hemifpherical 
bottom,  with  its  convex  furface  outwards.  The 
cylinder  weighs  2261  grains,  and  the  fheet-brafs, 
of  which  it  is  conftrufted,  is  0.0128  of  an  inch 
in  thicknefs. 

The  bulb  of  the  thermometer  was  placed  in  the 
lower  part  of  this  brafs  cylindrical  tube,  and  was 
confined  in  the  middle,  or  axis  of  it,  by  means  of 
three  pins  of  wood,  about  TV  of  an  inch  in  diame- 
ter, and  lf  of  an  inch  long,  which  pins  are  fixed 
in  tubes  of  thin  fheet-brafs  TV  of  an  inch  in  diame- 
ter, and  4*  of  an  inch  in  length.  Thefe  fhort  tubes, 
which  are  placed  at  proper  diftances  on  the  infide 
of  the  large  brafs  tube,  at  its  lower  end,  and 
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firmly  attached  to  it  by  folder,  ferve  as  fockets 
into  which  the  ends  of  the  wooden  pins  are  fixed, 
which,  pointing  inwards,  or  towards  the  axi3  of 
the  large  cylindrical  tube,  ferve  to  confine  the 
lower  end  of  the  bulb  of  the  thermometer  in  its 
proper  placev  Its  upper  end  is  kept  in  its  place ; 
or  the  axis  of  the  thermometer  is  made  to  coincide 
with  the  axis  of  the  brafs  cylinder,  by  caufing  the 
tube  of  the  thermometer  to  pafs  through  a hole  in 
the  middle  of  a cork  hopper  which  clofes  the  end 
of  the  cylinder. 

The  bottom  of  the  bulb  of  the  thermometer  does 
not  repofe  on  the  hemifpherical  bottom  of  the  brafs 
cylinder,  but  is  fupported  at  the  diftance  of  { of  an 
inch  above  it,  on  the  end  of  a wooden  pin,  like  thofe 
juft  defcribed  ; which  pin  is  fixed  in  a focket  in 
the  middle  of  the  bottom  of  the  cylindrical  tube, 
and  proje&s  upwards.  The  ends  of  all  thefe 
wooden  pins,  which  project  beyond  the  fockets  in 
which  they  are  fixed,  are  reduced  to  a blunt  point : 
This  was  done  to  reduce  as  much  as  poftible  the 
points  of  contaft  between  the  ends  of  thefe  pins 
and  the  bulb  of  the  thermometer. 

The  thermometer  being  in  its  place,  there  is  on 
every  fide  a void  fpace  left  between  the  bulb  of  the 
thermometer  and  the  internal  furface  of  the  brafs 
cylinder  in  which  it  is  confined ; the  diftance 
between  the  external  furface  of  the  bulb  of  the  ther- 
mometer and  the  internal  furface  of  the  containing 
cylinder  being  0.25175  of  an  inch.  This  fpace  is 
defigned  to  contain  the  water  and  other  fubftance 
through  which  the  Heat  is  made  to  pafs  into,  or  out 
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of  the  bulb  of  the  thermometer  ; and  the  quantity 
of  Heat  which  has  paffed,  is  fhown  by  the  height  of 
tfre  fluid  in  the  tube  of  the  thermometer. 

The  quantity  of  water  required  to  fill  this  fpace 
and  to  cover  the  upper  end  of  the  bulb  of  the 
thermometer  to  the  height  of  about  \ of  an  inch 
was  found  to  weigh  2468  grains.  As  the  thermo- 
meter was  plunged  into  this  water  it  was  of  courfe 
in  contaCt  with  it  by  its  whole  furface,  which,  as 
we  have  feen,  is  equal  to  28.834  fquare  inches. 

The  bulb  of  the  thermometer  being  furrounded 
by  water,  or  by  any  other  liquid,  or  mixture,  the 
conducting  power  of  which  was  to  be  afcertained, 
a cylinder  of  cork  fomething  lefs  in  diameter  than 
the  brafs  cylinder, — about  half  an  inch  long,  with 
a hole  in  its  centre,  in  which  the  tube  of  the  ther- 
mometer pafled  freely, — was  thruft  down  into  the 
brafs  cylinder,  but  not  quite  fo  low  as  to  touch 
the  furface  of  the  water,  or  other  fubftance  it  con- 
tained. This  cylinder,  or  difk,  was  lupported  in 
its  proper  place  by  three  projecting  brafs  points 
or  pins,  which  were  fixed  with  folder  to  the 
outfide  of  the  metallic  neck  of  the  bulb  of  the 
thermometer. 

As  foon  as  this  difk  of  cork  is  put  into  its  place, 
the  upper  part  of  the  hollow  brafs  cylindrical  tube 
is  filled  with,  eider-down,  and  it  is  clofed  above 
with  its  cork  Hopper,  the  tube  of  the  thermome- 
ter, which  pafles  through  a fit  hole  in  the  middle 
of  this  ftopper,  projecting  upwards.  As  the  whole 
fcale  of  the  thermometer,  from  the  point  of  freezing, 
:o  that  of  boiling  water,  is  above  the  upper  furface 
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of  this  ftopper,  all  the  changes  of  heat  to  which  the 
mftriiment  is  expofed,  can  be  obferved  at  all  times 
without  deranging  any  part  of  the  apparatus.  ' 

The  thermometer  is  divided  according  to  the 
fcale  of  Fahrenheit,  and  its  divifions  are  made  to 
correfpond  with  a very  accurate  mercurial  thermo- 
meter made  by  Trou.ghton. 

The  experiments  with  this  inftrument,  which, 
for  the  fake  of  diftinction,  I fhall  call  my  cylindrical 
paffage  thermometer , were  made  in  the  following 
manner : The  thermometer  being  fixed  in  its 
cylindrical  brafs  tube,  in  the  manner  above  de- 
fcribed,  and  farrounded  by  the  fubftance  the  con- 
ducting power  of  which  was  to  be  afcertained, 
the  inftrument  was  placed  in  thawing  ice,  where  it 
was  fuffered  to  remain  till  the  thermometer  fell  to 
320.  It  was  then  taken  out  of  the  melting  ice,  and 
immediately  plunged  into  a large  vefiel  of  boiling 
water,  and  the  conducting  power  of  the  fubftance 
which  was  the  fubjeCt  of  the  experiment  was  efti- 
mated  by  the  time  employed  by  the  Heat  in  palling 
through  it  into  the  thermometer  ; the  time  being 
carefully  noted  when  the  liquid  in  the  thermo- 
meter arrived  at  the  40th  degree  of  its  fcale  ; and 
alfo  when  it  came  to  every  20th  degree  above  it. 

As  the  flower  Heat  moves,  or  is  tranfported,  in 
any  medium,  the  longer  mu  ft  of  courfe  be  the  time 
required  for  any  given  quantity  of  it  to  pafs  through 
it ; and  as  the  thermometer  fliows  the  changes 
which  take  place  in  the  temperature  of  the  body 
which  is  heated  or  cooled, — (namely,  the  liquid 
with  which  the  thermometer  is  filled, — in  conse- 
quence 
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quence  of  the  paffage  of  the  Heat  through  the  me- 
dium by  which  the  thermometer  is  furrounded,  the 
conducting  power  of  that  medium  is  Ihown  by  the 
quicknefs  of  the  afcent  or  defcent  of  the  thermo- 
meter, when,  having  been  previoufly  brought  to  a 
certain  temperature,  the  inftrumeiit  is  fuddenly  re- 
moved and  plunged  into  another  medium  at  any 
other  conftant  given  temperature. 

Having  (till  frelh  in  my  memory  the  accidents  I 
had  fo  often  met  with  in  eating  hot  Apple-pies,  I 
was  very  impatient,  when  I had  completed  this  in- 
ftrument, to  fee  if  Apples,  which,  as  I well  knew, 
are  cotnpofed  almoft  entirely  of  water,  really  poffefs 
a greater  power  of  retaining  Heat  than  that  liquid 
when  it  is  pure,  or  unmixed  with  other  bodies.  But 
before  I made  the  Experiment,  in  order  that  its 
refult  might  be  the  more  fatisfaCtory,  I determined, 
in  the  following  manner,  how  much  water  there 
really  is  in  Apples,  and  what  proportion  their 
fibrous  parts  bear  to  their  whole  volume. 

960  Grains  of  ftewed  Apples  (the  Apples  hav- 
ing been  carefully  pared  and  freed  from  their  Items 
and  feeds  before  they  were  ftewed)  were  well  walked 
in  a large  quantity  of  cold  fpring  water,  and  the 
fibrous  parts  of  the  Apples  being  fulfered  to  fubfide 
to  the  bottom  of  the  veffel,  the  clear  part  of  the 
liquor  was  poured  off,  and  the  fibrous  remainder 
being  thoroughly  dried  was  carefully  weighed,  and 
was  found  to  weigh  juft  25  grains. 

This  fibrous  remainder  of  the  960  grains  of  ftewed 
Apples  being  again  walhed  in  a frelh  quantity  of 
cold  fpring  water,  and  afterwards  very  thoroughly 
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dried,  by  being  expofed  feveral  days  on  a china  plate 
placed  on  the  top  of  a German  (love,  which  was 
kept  conftantly  hot,  was  again  weighed,  and  was 
found  to  weigh  no  more  than  i8r^-  grains. 

From  this  Experiment  it  appeals  that  the  fibrous 
parts  of  flewed  Apples  amount  to  lefs  than  tl.  part 
of  the  whole  mafs  ; and  there  is  abundant  reafon 
to  conclude  that  the  remainder,  amounting  to  41- 
of  the  whole,  is  little  elfe  than  pure  water. 

Having  furrounded  the  bulb  of  my  cylindrical 
paflage  thermometer  with  a quantity  of  thefe  {tewed 
Apples,  (the  confidence  of  the  mafs  being  fuch 
that  it  {hewed  no  figns  of  fluidity,)  the  inftrument 
was  placed  in  pounded  ice,  which  was  melting, 
and  when  the  thermometer  indicated  that  the 
whole  was  cooled  down  to  the  temperature  of  3 20, 
the  inftrument  was  taken  out  of  the  melting  ice 
and  plunged  into  a large  veflel  of  boiling'  water, 
and  the  water  being  kept  boiling  with  the  utmofl 
violence  during  the  whole  time  the  Experiment 
lafted,  the  times  taken  up  in  heating  the  thermo- 
meter from  20  to  20  degrees  Were  obferved  and 
noted  down  in  a table,  which  had  been  previoufly 
prepared  for  that  purpofe. 

This  Experiment  having  been  repeated  twice, 
and  varied  as  often  by  firft  heating  the  inftrument 
to  the  temperature  of  boiling  water,  and  then 
plunging  it  into  melting  ice,  and  obferving  the 
time  taken  up.  in  the  paflage  of  the  heat  out  of  the 
thermometer  ; I removed  the  ftewed  Apples  which 
furrounded  the  bulb  of  the  thermometer,  and  filling  " 
the  fpace  they  had  occupied  with  pure  water,  I 
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now  repeated  the  Experiments  again  with  that 
liquid.  The  following  Tables  fliow  the  refults  of 
thefe  Experiments. 


Time 

the  Heat  was 

paffing 

into  the  Thermometer, 

Through 

Through 

ftewed  Apples. 

Water. 

Exp. 

Exp. 

Exp. 

Evp. 

No.  1. 

x V 

No.  3. 

No.  3. 

No.  7. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

In  heating  the  Thermometer  7 

from  the  temperature  of  3 z°  > 

95 

89 

45 

45 

to  that  of  - 40°  ) 

from  4c0  to  6on 

75 

67 

36 

35 

6o°  to  8oq 

6 1 

56 

34 

3 1 

IOO° 

65 

60 

30 

3° 

I 20° 

73 

66 

37 

36 

I4O0 

90 

82 

44 

4 + 

lt)0° 

121 

113 

63 

60 

i 8o° 

188 

170 

93 

90 

200° 

360 

364 

226 

2 *5 

Total  times  in  heating  from  7 
32°  to  200°  3 

1 128 

1057 

608 

586 

Tirnesemployed  in  heating  the  7 

349" 

>74" 

inftrument  80  degrees,  viz.  > 
from  8o°  to  160°  j 

3 2 1" 

170" 

Mean  times  in  heating  it  from  } 
8o°  to  160°  > 3 

In  ftewed 
Apples  335" 

In  Water  172'1 

The  refults  of  thefe  Experiments  fliow  that  Heat 
paflfes  with  much  greater  difficulty,  or  much  flower, 
in  Jlewed  Apples  than  in  pure  Water  ; and  as  ftewed 
Apples  are  little  elfe  than  water  mixed  with  a very 
fmall  proportion  of  fibrous  and  mucilaginous  mat- 
ter, this  fhows  that  the  conducting  power  of  water 
with  regard  to  Heat  may  be  unpaired . 


The 


2i  6 Of  the  Propagation  of  Heat 


The  refults  of  the  following  Experiments  will 

ferve  to  confirm  this  conclufion. 

/ 


Time 

the  Heat  was  pafling 

out  of  the  Thermometer, 

Through 

Through 

ftewed  Apples. 

Water. 

Exp. 

Exp. 

Exp. 

Exp. 

No.  2. 

No.  4. 

No.  4. 

No.  8. 

Seconds. 

Seconds 

Seconds. 

Seconds. 

In  cooling  the  Thermometer^ 

fromthctemperatureof  200°  > 
to  that  of  i3o°) 

80 

74 

46 

37 

from  i8o°  to  i6o° 

75 

72 

42 

37 

i6o°  to  1 40° 

84 

43 

43 

120° 

1 07 

101 

54 

5 1 

too0 

*4* 

136 

73 

73 

8o° 

198 

190 

112 

105 

6o° 

321 

3°7 

200 

204 

O 

O 

775 

733 

483 

461 

Total  time  in  cooling  from? 
200°  to  40°  J 

178. 

1696 

1053 

IOI  X 

Times  employed  incooling  the  "5 

• 

inftrument  80  degrees,  viz.  > 
from  1600  to  8o°  j 

5 3°" 

510" 

282" 

272" 

Mean  time  in  cooling  it  from  J 

1 6o°  to  8oQ  f 

In  ftewed 
Apples  520" 

In  Wat 

:r  277" 

As  the  heating  or  cooling  of  the  inftrument  goes 
on  very  ilowly,  when  it  approaches  to  the  temper- 
ature of  the  medium  in  which  it  is  placed,  while, 
on  the  other  hand,  this  procefs  is  very  rapid  when, 
the  temperature  of  the  inftrument  being  very  dif- 
ferent from  that  of  the  medium,  it  is  firft  plunged 
into  it,  both  thefe  circumftances  confpire  to  render 
the  obfervations  made  at  the  extremities  of  the 
fcale  of  the  thermometer  more  fubjedl  to  error, 

and 
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and  confequently  lefs  fatisfa&ory  than  thofe  made 
nearer  the  middle  of  it  : In  order  that  the  general 
conclufions  drawn  from  the  refult  of  the  Experi- 
ments might  not  be  vitiated  by  the  effects  produced 
by  thefe  unavoidable  inaccuracies,  inftead  of  efti- 
mating  the  celerity  of  the  paflage  of  the  bleat  by  the 
times  elapfed  in  heating  and  cooling  the  thermome- 
ter through  the  whole  length  of  its  fcale , or  between 
the  point  of  freezing  to  that  of  boiling  water,  I 
have  taken  the  times  elafped  in  heating  and  cooling 
it  80  degrees  in  the  middle  of  the  fcale , viz.  between 
8o°  and  i6o°,  as  the  meafure  of  the  conducting 
powers  of  the  fubftanees  through  which  the  Heat 
was  made  to  pafs. 

I have,  however,  noted  the  times  which  elapfed 
in  heating  and  cooling  the  inftrument  through  a 
much  larger  interval,  namely,  through  an  interval 
of  1 68  degrees  in  heatings — or  from  3 2°  to  200°, — 
and  in  cooling  through  160  degrees,  or  from  200° 
to  40°. 

In  refpeCt  to  the  cooling  of  the  inftrument,  it  is 
neceflary  that  I fhould  inform  my  reader,  that 
though  I have  not  in  the  Tables  of  the  Experiments 
mentioned  any  higher  temperature  than  that  of  200% 
yet  the  inftrument  was  always  heated  to  the  point 
of  boiling  water,  which,  under  the  prefiure  of  the 
atmofphere  at  Munich,  where  the  Experiments 
were  made,  was  commonly  about  209I  deg.  of  Fah- 
renheit’s fcale.  The  inftrument  being  kept  in  boil- 
ing water  till  its  thermometer  appeared  td  be  quite 
ftationary,  was  then  taken  out  of  the  water,  and 
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indantly  plunged  into  melting  ice,  and  the  time  was 
obferved  and  carefully  noted  down  when  the  liquid 
in  its  thermometer  puffed  the  divifion  of  its  fcale 
which  indicated  200°,  as  alfo  when  it  arrived  at  the 
other  divifions  indicated  in  the  Tables. 

With  regard  to  the  four  laft  mentioned  Experi- 
ments, (No.  2,  4,  6,  and  8,)  it  will  be  found  on 
examination  that  their  refults  correfpond  very  ex- 
actly with  thofe  before  defcribed ; and  they  cer- 
tainly prove  in  a very  decifive  manner  this  impor- 
tant fadt: — that  a fmall  proportion  of  certain  fub- 
ftances , on  being  mixed  with  water , tend  very  power- 
fully to  impair  the  conducting  power  of  that  Fluid  in 
regard  to  Heat . 

In  the  Experiments  No.  1 and  No.  2,  which 
were  both  made  on  the  fame  day,  and  in  the  order 
in  which  they  are  numbered,  the  Heat  was  con- 
fiderably  more  obdructed  in  its  paffage  through 
. the  mafs  of  dewed  Apples  which  furrounded  the 
thermometer  than  in  the  Experiments  No.  3 and 
No.  4,  which  were  made  on  the  following  day.  It 
is  probable  that  this  was  occadoned  by  fome  change 
in  the  confidency  of  this  foft  mafs  of  the  dewed 
Apples  which  had  taken  place  while  the  indrument 
was  left  to  repofe  in  the  interval  between  the  Expe- 
riments : but,  indead  of  dopping  to  fhow  how 
this  might  be  explained,  I Ihall  proceed  to  give  an 
account  of  fome  Experiments  from  the  refults  of 
which  we  fhall  derive  information  that  will  be 
jnuch  more  fatisfadlory  than  any  fpeculations  I 
could  offer  on  that  fubjedb 
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Suppofing  Heat  to  be  propagated  in  water  in  the 
fame  manner  as  it  is  propagated  in  air  and  other 
elaftic  Fluids,  namely,  that  it  is  tranfported  by  its 
particles,  thefe  particles  being  put  in  motion  by  the 
change  which  is  produced  in  their  fpecific  gravity, 
by  the  change  of  temperature,  and  that  there  is 
no  communication  whatever,  or  interchange  of  their 
Heat , among  the  particles  of  the  fame  Fluid , — in  that 
cafe,  it  is  evident  that  the  Propagation  of  Heat  in  a 
Fluid  may  be  conffruded  in  two  ways*  namely,  by 
diminifhing  its  Fluidity , (which  may  be  done  by  dif- 
folving  in  it  any  mucilaginous  fubftance,)  or,  more 
limply,  by  merely  embarraffmg  and  obftruding  the 
motion  of  its  particles  in  the  operation  of  tranf- 
porting  the  Heat,  which  may  be  effected  by  mix- 
ing with  the  Fluid  any  folid  fubftance, — (it  muff 
be  a non-condudor  of  Fleat  however,) — in  finall 
maffes,  or  which  has  a very  large  furface  in  pro- 
portion to  its  folidity. 

In  the  foregoing  Experiments  with  Jlewed  Apples , 
the  paffage  of  the  Heat  in  the  water,  (which  confti- 
tuted  by  far  the  greatefl  part  of  the  mafs,)  was 
doubtlefs  obftruded  in  both  thefe  ways.  The 
mucilaginous  parts  of  the  Apples  diminifhed  very 
much  the  fluidity  of  the  water,  at  the  fame  time 
that  the  fibrous  parts  ferved  to  embarrafs  its  inter- 
nal motions. 

In  order  to  difcover  the  comparative  ejfcfts  of 
thefe  two  caufes,  it  was  neceffary  to  feparate  them  ; 
or  to  contrive  Experiments,  in  which  only  one  of 
them  fhould  be  permitted  to  ad  at  the  fame 
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time.  This  I endeavoured  to  do  in  the  following 
• manner. 

To  afeertain  the  effedls  produced  by  diminifhing 
the  fluidity  of  water,  I mixed  with  it  a fmall  quan- 
tity of flarch , namely,  192  grains  in  weight  to  2276 
grains  of  water  ; — and  to  determine  the  effects 
produced  by  merely  embarraffing  the  water  in  its 
motions,  I mixed  with  it  an  equal  proportion  (by 
weight)  of  Eider-down.  The  flarch  was  boiled 
with  the  water  with  which  it  was  mixed  ; as  was 
alfo  the  eider-down.  This  laft  mentioned  fubflance 
was  boiled  in  the  water  in  order  to  free  it  from  air, 
which,  as  is  well  known,  adheres  to  it  with  great 
obflinacy. 

In  order  that  thefe  Experiments  might,  with 
greater  facility,  be  compared  with  thofe  which  were 
made  with  Jlewed  Apples , and  with  pure  Water , 
I fhall  place  their  refults  all  together,  in  the  follow- 
ing Tables. 
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\ ime  the  Heat  was 

in  palTing 

into  the 

Thermometer, 

Through 

Through 
a Mixture  of 

a Mixture  of 
2276  grains 
of  Water, 
and  192  grs. 
of  Starch. 

2276  grains 
of  Water, 
and  192  grs. 
of  Eider- 

Through 

STEWE  D 

Apples. 

Through 

pure 

Water. 

DOWN. 

Mean  of  two 

Mean  of  two 

Experiment 

Experiment 

Exp. 

Exp. 

No.  9. 

No.  11. 

N°  1 & Ncj. 

N°  5 8c  N°7. 

' ~ 1 

Seconds. 

Seconds. 

Seconds. 

Seconds, 

Jn  heating  the  1 

Thermometer  > 
from  32°t040°  j 

101 

83 

92 

45 

from  40°  to  6oc 

72 

55 

7 1 

35t 

6o°  to  8o° 

64 

49 

sH 

IOO° 

6 3 

52 

62^ 

30 

I 20° 

74 

57 

69i 

3 6} 

j 4c0 

89 

67 

86 

44 

! 6o° 

1 15 

93 

n7 

6i4r 

i 8o° 

178 

1 33 

1 79 

9' ‘ 

200° 

453 

360 

362 

220I 

Total  times 

J 

in  heating  the 
inftrumt  from 

1109 

949 

10961 

597 

3 2°  to  200° 
Times  employ- 

. • 

ed  in  heating 
the  Thermo- 

_ * II 

1 

// 

meter  80  de- 

341 

209 

335" 

172 

grees, viz. from 
8o°  to  1600 
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Time  the  Heat  was  in  paffing  out  of  the 
Thermometer, 

Through 

Through 

a Mixture 

a Mivture'of 

of  2276 

2276  grains 

Through 

Through 

grains  of 

of  Water, 

STEWED 

pure 

Water,  & 

and  iq2  grs. 

Apples. 

Water. 

tpzgrs.of 

of  El DE  R- 

Starch. 

DOWN. 

Mean  of  two 

Mean  of  two 

Exp. 

Experiment 

Exp. 

Exp. 

No.  10. 

No.  12. 

N°2  & N°  4. 

N°6  & N°8. 

In  cooling  the! 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

Thermometer  ( 

69 

from  200°  to  f 

68 

77 

4»s 

1 88°  J 

from  1 8o  to  i6o° 

66 

6t 

7 3t 

39? 

x i6o°  to  1 400 

74 

72 

43 

I 20° 

92 

Ql 

104 

52^ 

IOO° 

1.9 

l 20 

*3»i 

73 

So1 

173 

1 77 

*94 

108-I 

6o° 

283 

279 

3 *4 

202 

4°° 

672 

673 

754 

472 

Total  times  in 

cooling  from  > 

OO 

1541 

1 7 49 1- 

1033 

2 00°  to  40°  J 

t 

Times  employ-  _ 

ed  in  cooling 

the  inftrument 

468" 

460" 

520" 

// 

277 

8o  degrees. 

viz.  from  i6o° 

to  8o° 

As  the  refults  of  thefe  Experiments  prove,  in  the 
moft  decifive  manner,  that  the  Propagation  of  Heat 
in  water  is  retarded,  not  only  by  thofe  things  which 
diminifh  its  fluidity,  but  alfo  by  thofe  which,  by  me- 
chanical means,  and  without  forming  any  combination 
with  it  whatever, merely  obftrudt its  internal  motions; 
it  appears  to  me,  that  this  proves,  almofl  to  a 

demon- 
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demonftration,  that  Heat  is  propagated  in  water  in 
confequence  of  its  internal  motions; — or  that  it  is 
tranfported  or  carried  by  the  particles  of  that  liquid, 
and  that  it  does  not  fpread  and  expand  in  it  as  has 
generally  been  imagined. 

I have  fhewn  in  another  place,  and  I believe  I 
may  venture  to  fay  I have  proved*,  that  Heat  is 
actually  propagated  in  air , in  the  fame  manner  I 
here  fuppofe  it  to  be  propagated  in  water ; and  if 
the  conducing  powers  of  both  thefe  fluids  are 
found  to  be  impaired  by  the  fame  means , it  affords 
very  ftrong  grounds  to  conclude  that  they  both 
conduCt  Heat  in  the  fame  manner:  but  this  has 
been  found  to  be  actually  the  cafe. 

Eider-down,  which  cannot  affeCt  the  fpecifical 
qualities  of  either  of  thofe  fluids,  and  which  cer- 
tainly does  no  more  when  mixed  with  them,  than 
merely  to  obftruct  and  embarrafs  their  internal 
motions,  has  been  found  to  retard  very  much 
the  Propagation  of  Heat  in  both  of  them  : on  com- 
paring thefe  Experiments  with  thofe  I formerly 
made  on  the  conducting  power  of  air,  it  will  even 
be  found,  that  the  conducting  power  of  water 
is  nearly,  if  not  quite,  as  much  impaired  by  a 
mixture  of  cider -down  as  that  of  air. 

In  the  courfe  of  my  Experiments  on  the  various 
fubftances  ufed  in  forming  artificial  clothing  for 
confining  Heat,  I found  that  the  thicknefs  of  a 
ftratum  of  air,  which  ferved  as  a barrier  to  Heat, 
remaining  the  fame,  the  paffage  of  Heat  through 
it  was  fometimes  rendered  more  difficult  by  in- 

* See  Philol'ophical  Tianfaftions,  1792. 
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creating  the  quantity  of  the  light  fubftance  which 
was  mixed  with  it  to  obllruct  its  internal  motion. 

To  fee  if  timilar  effedts  would  be  produced  by 
the  fame  means  when  Heat  is  made  to  pafs  through 
water,  I repeated  the  Experiments  with  eider-down , 
reducing  the  quantity  of  it  mixed  with  the  water  to 
48  grains,  or  one  quarter  of  the  quantity  ufed  in 
the  Experiments  No.  1 1 and  No.  12. 

The  refults  of  thefe  Experiments,  and  a com- 
parifon  of  them  with  thofe  before  mentioned,  may 
be  feen  in  the  following  Tables  : 


la  heating  the  Ther-1 
■ mometer  from  320 
to  40 0 


6oJ  to  8o' 


5 20' 

1 4°' 
160 

l8o' 
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ment  Sodegr 
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m 1 hnP  1 


Time  the  Heat  was  in  paffing 
into  the  Thermometer, 

Through 
Water  with 
4§  grs.  or 
of  its  bulk 
of  Eider- 
down. 

Through 
Water  with 
192  grs.  or 
of  its  bulk 
of  Eider- 
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Water. 

Experiment 

Experiment 

Mean  of  two 
Exp. 

No.  13. 

No.  1 1 . 

N°s  & N°  7. 

Seconds. 
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83 

45 

47 

55 
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39 

49 
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4° 

52 

30 
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57 
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56 

67 

44 
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bi 

vo 
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In  cooling  the  Ther- 
mometerfrom  200° 
to  i8o° 


from  180° 

to  160° 

160° 

to  140° 

1 20° 

ioo° 

So0 

6o° 

O 

O 

Total  times  in  cooling  7 
from  2oo°  to  40°  3 

Times  employed  in  1 
cooling  the  inftru-  ( 
ment8odegrees,viz.  f 
from  1600  to  8o°  J 


Time  the  Heat  was  palling  out  of 
the  Thermometer, 

Through 
Water  with 
48  grs.  or  — 
of  its  bulk 
of  Eider- 
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Through 
Water  with 
192  grs.  or 
5+<y  of  its  bulk 
of  Eide  R- 
DOWN. 
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Experiment 
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49 

68 

5° 

61 

39* 

56 

72 

43 

70 

9« 
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96 

1 20 

73 

1 5 1 

*77 

io8f 

262 

279 

202 
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673 
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*395 

1541 

1032 

373" 

460" 

ft 

2 77 

The  refults  of  thefe  Experiments  are  extremely 
interefting.  They  not  only  make  us  acquainted 
with  a new  and  very  curious  fa6t, — namely,  that 
feathers,  and  other  like  fubftances,  which,  in  air , 
are  known  to  form  very  warm  covering  for  con- 
fining Heat,  not  only  ferve  the  fame  purpofe  in 
water , but  that  their  effects  in  preventing  the 
paflfage  of  Heat  is  even  greater  in  water  than, 
in  air. 


This 
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This  difcovery,  if  I do  not  deceive  mySeif* 
throws  a very  broad  light  over  fome  of  the  mod 
interefting  parts  of  the  economy  of  Nature,  and 
give  us  much  Satisfactory  information  reflecting 
the  final  caufes  of  many  phsenomena  which  have 
hitherto  been  little  underflood. 

As  liquid  water  is  the  vehicle  of  Heat  and 
nourifhment,  and  consequently  of  life,  in  every 
living  thing  ; and  as  water,  left  to  itfelf,  freezes 
with  a degree  of  cold  much  lefs  than  that  which 
frequently  prevails  in  cold  climates,  it  is  agreeable 
to  the  ideas  we  have  of  the  wifdom  of  the  Creator* 
of  the  world,  to  expeft  that  effectual  meafures 
would  be  taken  to  preferve  a fufficient  quantity  of 
that  liquid  in  its  fluid  date,  to  maintain  life  during 
the  cold  feafon  : and  this  we  find  has  actually  been 
done ; for  both  plants  and  animals  are  found  to 
Survive  the  longed  and  mod  fevere  winters  $ 
but  the  means  which  have  been  employed  to  pro- 
duce this  miraculous  effect  have  not  been  invefti- 
gated ; — at  lead  not,  in  as  far  as  they  relate  to 
vegetables. 

But  as  animal  and  vegetable  bodies  are  effentially 
different  in  many  refpe&s,  it  is  very  natural  to 
fuppofe,  that  the  means  would  be  different  which 
are  employed  to  preferve  them  againd  the  fatal 
effects  which  would  be  produced  in  each  by  the 
congelation  of  their  fluids. 

Among  organized  bodies,  which  live  on  the 
Surface  of  the  earth,  and  which  of  courfe  are 
expofed  to  the  viciffitudes  of  the  feafons,  we  find 
that  as  the  proportion  of  fluids  to  Solids  is  greater, 

the 
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the  greater  is  the  Heat  which  is  required  for  the 
fupport  of  life  and  health  ;•  and  the  lefs  are  they 
able  to  endure  any  confiderable  change  of  their 
temperature. 

The  proportion  of  Fluids  to  Solids  is  much 
greater  in  animals  than  in  vegetables ; and  in  order 
to  preferve  in  them  the  great  quantity  of  Heat 
which  is  neceffary  to  the  prefervation  of  life,  they 
are  furnilhed  with  lungs,  and  are  warmed  by  a pro- 
cefs  fimilar  to  that  by  which  Heat  is  generated  in  the 
combuftion  of  inflammable  bodies. 

Among  vegetables , thofe  which  are  the  mod 
fucculent  are  annual.  Not  being  furnifhed  with 
lungs  to  keep  the  great  mafs  of  liquids  warm, 
which  fill  their  large  and  flender  veffels,  they  live 
only  while  the  genial  influence  of  the  fun  warms 
them,  and  animates  their  feeble  powers  ; and  they 
droop  and  die  as  foon  as  they  are  deprived  of  his 
fupport. 

There  are  many  tender  plants  to  be  found  in  cold 
countries,  which  die  in  the  autumn,  the  roots  of 
which  remain  alive  during  the  winter,  and  fend  off 
frefh  fhoots  in  the  enfuing  fpring.  In  thefe  we 
fhall  conftantly  find  the  roots  more  compact  and 
denfe  than  the  ftalk,  or  with  fmaller  veffels,  and  a 
fmaller  proportion  of  Fluids. 

Among  the  trees  of  the  foreft  we  fhall  con- 
flantly  find,  that  thofe  which  contain  a great 
proportion  of  thin  watery  liquids , not  only  fhed 
' their  leaves  every  autumn,  but  are  fometimes 
frozen,  and  actually  killed,  in  fevere  frofts. 
Many  uiuufands  of  the  largeft  walnut-trees  were 

killed 
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killed  by  the  froft  in  the  Palatinate,  during  the  very 
cold  winter  in  the  year  1788  ; and  it  is  well  known 
that  few,  if  any,  of  the  deciduous  plants  of  our 
temperate  climate  would  be  able  to  fupport  the  ex- 
ceffive  cold  of  the  frigid  zone. 

The  trees  which  grow  in  thofe  inhofpitable 
climates,  and  which  brave  the  colds  of  the  fevered 
winters,  contain  very  little  watery  liquids.  The 
fap  which  circulates  in  their  veffels  is  thick  and 
vifcous,  and  can  hardly  be  faid  to  be  fluid.  Is  there 
not  the  ftrongeft  reafon  to  think,  that  this  was  fo 
contrived  for  the  exprefs  purpofe  of  preventing  their 
being  deprived  of  all  their  Pleat,  and  killed  by  the 
cold  during  the  winter  ? 

We  have  feen  by  the  foregoing  Experiments, 
how  much  the  Propagation  of  Heat  in  a liquid 
is  retarded  by  diminifhing  its  fluidity  ; and  who 
knov/s  but  this  may  continue  to  be  the  cafe, 
as  long  as  any  degree  of  fluidity  remains  ? 

As  the  bodies  and  branches  of  trees  are  not 
covered  in  winter  by  the  fnow  which  protects 
their  roots  from  the  cold  atmolphere,  it  is  evident 
that  extraordinary  meafures  were  neceflary  to  pre- 
vent their  being  frozen.  The  bark  of  all  fuch  trees 
as  are  defigned  by  nature  to  fupport  great  degrees 
of  cold,  forms  a very  warm  covering;  but  this 
precaution  alone  would  certainly  not  have  been 
fufficient  for  their  protection.  The  fap,  in  all  trees 
which  are  capable  of  fupporting  a long  continuance 
of  froft,  grows  thick  and  vifcous  on  the  approach 
of  winter.  What  more  important  purpofe  could 
this  change  anfwer,  than  that  here  indicated  ? — 

And 
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And  It  would  be  more  than  folly  to  pretend  that 
it  anfvvers  no  ufeful  purpofe  at  all  ? 

We  have  feen,  by  the  refults  of  the  foregoing 
Experiments,  how  much  the  fimple  embarraflment 
of  liquids  in  their  internal  motions  tends  to  retard 
the  Propagation  of  Heat  in  them,  and  confequendy 
its  paflage  out  of  them  ; — and  when  we  cojifrder 
the  extreme  fmallnefs  of  the  veflels  in  which  the 
lap  moves  in  vegetables,  and  particularly  in  large 
trees  ; — when  we  recolledt  that  the  fubftance  of 
which  thefe  fmall  tubes  are  formed,  is  one  of  the 
bed  non-condu£tors  of  Heat  known'*; — and  when 
we  advert  to  the  additional  embarraflment.s  to  the 
paflage  of  the  Heat,  which  arife  from  the  increafed 
vifcofity  of  the  fap  in  winter,  and  to  the  almoft 
impenetrable  covering  for  confining  Heat,  which  is 
formed  by  the  bark,  we  fliall  no  longer  be  at  a lofs 
to  account  for  the  prefervation  of  trees  during  the 
winter,  notwithflanding  the  long  continuation  of 
the  hard  frofts  to  which  they  are  annually  expofed. 

* I lately,  by  accident,  had  occalion  to  obfcrve  a very  (biking 
proof  of  the  extreme  difficulty  with  which  Heat  paffirs.  in  wood. 
Being  prelent  at  the  foundry  at  Munich,  when  cannons,  ware  calling, 
I oblcrved  that  the  founder  uled  a wooden  tnftrument  lor  (lining  the 
melted  metal.  It  was  a piece  of  oak  plank,  green,  or  unfealoned, 
about  ten  inches  fqtiare  and  two  incites  thick,  with  a long  wooden 
handle,  which  was  fitted  into  a hole  in  the  middle  of  it.  As  this 
inftrument  was  frequently  ufed,  and  fometimes  remained  a confider- 
able  time  in  the  furnace,  in  which  the  Heat  was  molt  intenfe,  I was 
furprifed  to  find  that  it  was  not  confumed  ; but  I was  Hill  juore  fur- 
prifed,  on  examining  the  part  of  the  plank  which  had  been  iminerl'ed 
in  the  melted  metal,  to  find  that  the  Heat  had  penetrated  it  to  lb 
inconfiderable  a depth,  that,  at  the-  tli  (taiit,ce  of  one  twentieth  ‘ of  tan 
inch  below  its  furface,  the  wood  did  not  fetm  to  have:  been  in  .the 
lead  affe&ed  by  it.  The  colotifr  of  the  wood  remained  unchanged, 
and  it  did  not  appear  to  have  loll  even  its  moilture.  ‘ . 
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On  the  fame  principles  we  may,  I think,  ac- 
count, in  a fatisfa&ory  manner,  for  the  prefervation 
of  feveral  kinds  of  fruit, — fuch  as  apples  and  pears 
for  inftance, — which  are  known  to  fupport,  without 
freezing,  a degree  of  cold,  which  would  foon  re- 
duce an  equal  volume  of  pure  water  to  a folid  mafs 
of  ice. 

At  the  fame  time  that  the  compact  fkin  of  the 
fruit  effectually  prevents  the  evaporation  of  its  fluid 
parts,  which,  as  is  well  known,  could  not  take 
place  without  occafioning  a very  great  lofs  of  Heat, 
the  internal  motions  of  thofe  fluids  are  fo  much 
obftrudted  by  the  thin  partitions  of  the  innumerable 
fmall  cells  in  which  they  are  confined,  that  the 
communication  of  their  Heat  to  the  air  ought, 
according  to  our  hypothefis,  to  be  extremely  flow 
and  difficult.  Thefe  fruits  do,  however,  freeze  at 
laft,  when  the  cold  is  very  intenfe ; but  it  muft  be 
remembered,  that  they  are  compofed  almofl  entirely 
of  liquids,  and  of  fuch  liquids  as  do  not  grow 
vifeous  with  cold  ^ and  moreover,  that  they  were 
evidently  not  defigned  to  fupport,  for  a long  time, 
very  fevere  frofts. 

Parfnips  and  carrots,  and  feveral  other  kinds  of 
roots,  fupport  cold  without  freezing,  flill  longer 
than  apples  and  pears,  but  thefe  are  lefs  watery, 
and  I believe  the  veffels  in  which  their  fluids  are 
contained,  are  fmaller  ; and  both  thefe  circum- 
fiance's  ought,  according  to  our  affirmed  principles, 
to  render  the  paffage  of  their  Heat  out  of  them 
more  difficult,  and  confequently  to  petard  their 

congelation. 
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But  there  is  hill  another  circumftance,  and  a 
very  remarkable  one  indeed,  which,  if  our  con- 
jectures refpeCting  the  manner  in  which  Heat  is 
propagated  in  liquids  be  true,  mult  act  a molt  im- 
portant part  in  the  prefervation  of  Heat,  and  con- 
lequently  of  animal  and  vegetable  life,  in  cold 
climates.  But  as  the  probability  of  all  thefe  de- 
ductions mult  depend,  very  much,  on  the  evidence 
which  is  brought  to  prove  the  great  fundamen- 
tal faCt  on  which  they  are  eliablifhed ; — that  re- 
fpecting  the  internal  motions  among  the  particles 
of  liquids,  which  ?iecefflirily  take  place  when  they 
are  heated  or  cooled ; — before  I proceed  any 
farther  in  thefe  {peculations,  I lhall  endeavour  to 
throw  fome  more  light  on  that  curious  and  intereft- 
ing  lubjeCt. 
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Farther  invefligations  of  the  internal  Motions  among 
the  Particles  of  Liquids  which  neceffatily  take 
place  when  they  are  heated  or  cooled. — Dcfcription 
of  a mechanical  Contrivance  by  which  thefe  Mo- 
tions in  Water  were  rendered  vifiblc. — An  Account 
of  various  amufing  Experiments . which  were  made 
with  this  new-invented  b fir wnent. — They  lead  to 
an  important  Difcovery. — Heat  cannot  be  propa- 
gated downwards  in  Liquids , as  long  as  they 
continue  to  be  condenfed  by  Cold. — Ice  found , by. 
Experiment , to  melt  more  than  eighty  times 
flower , when  boiling-hot  Water  flood  on  its  Surface , 
than  when  the  Ice  was  fuffered  to  fwim  on  the  Sur- 
face of  the  hot  Water. — The  melting  of  Ice  by  Water. 
Jlanding  on  its  Surface  can  be  accounted  for , 'even, 
on  the  Suppofition  that  Water  is  a per  fed  Non - 
condudor  of  bleat. — According  to  the  affumed  Hy- 
pothefis , Water  only  eight  Degrees  of  Fahrenheit’s 
Scale  above  the  freezing  Point , or  at  the  Tempe- 
rature of  40°,  ought  to  melt  as  much  Ice , in  any 
given  Time , when  flanding  on  its  Surface , as  an 
equal  Volume  of  that  Fluid , at  any  higher  Tempe- 
rature , even  were  it  boiling- hot. — This  remarkable 
Fatl  is  proved  by  a great  Variety  of  decifive  Ex- 
periments.— Water  at  the  Temperature  of  41 0 is 
found  to  melt  even  more  Ice,  when  flanding  on  its 
Surface,  than  boiling-hot  Wafer. — The  Refults  of 
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all  thefe  Experiments  tend  to  prove  that  Water  is, 
in  fatt,  a perfect  Non-conductor  of  Heat ; or  that 
Heat  is  propagated  in  it,  merely  in  confequence  of 
the  Motions  it  occafions  among  the  infulated  or  fo- 
litary  Particles  of  that  Fluid,  which,  among  them- 
felves,  have  no  Communication  or  Intercourfe 
whatever  in  this  Operation. — The  Difcovery  of 
this  Fact  opens  to  our  View  one  of  the  grandeji 
and  mojl  interfling  Scenes  Jn  the  Economy  of 
Nature. 

a s the  particles  of  water,  as  alfo  of  all  other 
' Fluids,  are  infinitely  too  fmall  to  be  feen  by 
human  eyes,  their  motions  mull  of  courfe  be  im- 
perceptible by  us  ; but  we  are  frequently  enabled 
to  judge,  with  the  utmoft  certainty,  of  the  motions 
of  invifible  Fluids,  by  the  motions  they  occafion  in 
vifible  bodies. 

Air  is  an  invifible  Fluid,  but  we  acquire  very  juft 
notions  of  the  motions  in  air,  by  the  duft,  and  other 
light  bodies  which  are  carried  along  with  it  in  its 
motions.  Nobody  who  has  ever  feen  a whirlwind 
fweep  over  the  furface  of  a ploughed  field  in  dry 
weather,  can  have  any  doubt  refpe&ing  the  nature 
of  the  motions  into  which  the  air  is  thrown  on  thofe 
occafions ; notwithftanding  that  they  are  extremely 
complicated,  and  would  be  very  difficult  to  deferibe. 

It  was  by  the  motions  of  the  very  fine  particles 
of  duft,  which  by  accident  had  been  mixed  with 
the  fpirits  of  wine  in  my  large  thermometer,  and 
which,  when  ftrongly  illuminated  by  the  direct 
beams  of  the  fun,  became  vifible,  that  I firft  dif- 
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covered  the  internal  motions  in  that  Fluid,  which 
take  place  when  it  is  cooling ; and,  availing  myfelf 
of  this  kind  hint,  I contrived  to  render  the  internal 
motions  of  water  equally  vifible.  This,  I imme- 
diately faw,  could  be  done  with  the  utrnoft  facility, 
if  I could  but  find  any  folid  body  of  the  fame 
fpeeific  gravity  as  water , which  would  be  proper  to 
mix  with  it ; — that  is  to  fay,  that  would  not  be 
liable  to  be  diiTolved  bv  it,  or  to  be  reduced  to  fuch 
frnall  particles  as  to  become  itfeif  invifible ; but 
fuch  a fubdance  was  not  to  be  found.  On  re- 
flexion it  occurred  to  me,  that  it  is  very  fortunate 
that  inch  fubftances  do  not  abound  \ for  otherwife 
we  fhould  find  great  difficulty  in  procuring  water 
in  a pure  date. 

Not  being  able  to  find  any  folid  fubdance  fit  for 
my  purpofe,  of  the  fame  fpecific  gravity  as  pure 
water,  I was  obliged  to  have  recourfe  to  the  follow- 
ing dratagem. 

Looking  over  the  tables  of  fpecific  gravities,  I 
found  that  the  fpecific  gravity  of  tranfparent  yellow 
amber  was  but  a little  greater  than  that  of  water, 
being  1.078,  while  that  of  water  is  1.000  ; and  it 
occurred  to  me,  that  by  diffolving  in  the  water 
a certain  quantity  of  pure  alkaline  fait,  I might, 
augment  its  fpecific  gravity,  or  rather  bring  the 
fpecific  gravity  of  the  J'olution  to  be  precifely  equal 
to  thaffof  the  amber,  without  impairing  the  tranf- 
parency  of  the  liquid,  or  changing  any  of  its 
properties  by  which  the  manner  of  its  receiving  and. 
tranfporting  Heat  could  be  fenfibly  affected. 
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This  contrivance  was  put  in  execution  in  the 
following  manner,  with  complete  fuccefs.  Having 
provided  myfelf  with  a number  of  glafs  globes  of 
various  fizes,  with  long  cylindrical  necks,  I chofe 
one  which  was  about  two  inches  in  diameter,  with 
a cylindrical  neck  £ of  an  inch  in  diameter,  and 
twelve  inches  long ; and  putting  into  it  about 
half  a tea-fpoonful  of  yellow  amber,  in  the  form 
of  a coarfe  powder,  (the  pieces,  which  were  irre- 
gular in  their  forms,  and  tranfparent,  being  about 
the  fize  of  muftard-feeds,)  I poured  upoti  it  a certain 
quantity  of  diflilled  water,  which  was  at  the  tem- 
perature of  the  air  in  my  room, — (about  6o°  F.) 

Finding,  as  I expected,  that  the  amber  remained 
at  the  bottom  of  the  globe,  I now  added  to  the 
water  as  much  of  a faturated  folution  of  pure  vege- 
table alkali,  as  was  fufficient  to  increafe  the  fpecific 
gravity  of  the  water,  (or  rather  of  the  diluted  faline 
folution,)  till  the  pieces  of  amber  began  to  float, 
and  remained  apparently  motionlefs,  in  any  part 
of  the  liquid  where  they  happened  to  reft. 

As  the  glafs  body  was  not  yet  as  full  as  I wifhed, 

I continued  to  add  more  of  the  alkaline  folutioiSj^ 
and  of  water,  in  due  proportions,  till  the  globe  was 
full ; and  alfo  till  its  cylindrical  tube  was  filled  to 
within  about  three  inches  of  its  end ; and  then 
clofed  it  well  with  a clean  cork. 

Having  fliaken  the  contents  of  this  glafs  body 
well  together,  I placed  it,  with  its  cylindrical  tube 
in  a vertical  pofition,  on  a wrooden  Hand,  and  left 
it  to  repofe  in  quiet,  in  order  to  fee  how  long  the 
folid  particles  of  amber — (which  appeared  to  be  very 
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equally  difperfed  about  in  the  whole  mafs  of  the 
liquid) — would  remain  fufpended. 

Though  the  greater  number  of  ihefe  particles 
feeined  at  firft  to  have  no  tendency  either  to  afcend 
or  to  defcend,  yet  fome  of  them  foon  began  to  move 
very  llowdy  upwards,  and  others  to  move  as  flowly 
downwards  ; and  as  thefe  particles  were  moving  at 
the  fame  time  promifououfly  in  all  parts  of  the  fame 
liquid,  and  even  in  the  fame  part  of  it  in  both  di- 
rections at  the  fame  time,  (the  afcending  and  de- 
feending  particles  frequently  palling  each  other  fo 
near  as  to  touch,)  I faw  that  thefe  motions  were  in- 
dependent of  any  internal  motion  of  the  liquid,  and 
arofe  merely  from  the  difference  of  the  fpecific  gra- 
vity of  the  different  fmall  pieces  of  the  amber,  and 
of  that  of  the  liquid.  Some  of  the  pieces  of  amber, 
being  evidently  heavier  than  the  liquid,  moved 
downward,  while  others,  which  were  lighter,  af- 
cended  to  its  furface. 

Finding  that  there  was  fo  much  difference  in  the 
fpecific  gravities  of  the  different  pieces  of  amber, 
I now  added  more  of  this  fubftance  to  the  liquid, 
and  fullering  it  to  fubfide  after  I had  lhaken  it  well 
together,  I gently  poured  off  what  had  rifen  to  the 
top  of  the  liquid,  and  retaining  only  that  which  had 
fettled  at  the  bottom  of  it,  I increafed  the  fpecific 
gravity  of  the  liquid  by  adding  a little  of  the  alka- 
line folution,  till  the  fmall  pieces  of  amber  which 
remained  in  the  glafs  wrere  juft  buoyed  up  and  fuf- 
pended in  the  different  parts  of  the  Fluid,  where 
they  now  feeined  to  have  taken  their  permanent 
ftations. 
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I had  now  an  inftrument  which  appeared  to  me 
to  be  well  calculated  for  the  very  interefting  Ex- 
periments I had  projected,  and  it  will  eafily  be 
imagined  that  I loft  no  time  in  making  ufe 
of  it. 

The  firft  Experiment  I made  with  this  inftru- 
ment  was  to  plunge  it  into  a tall  glafs  jar,  nearly 
filled  with  water  almoft  boiling  hot.  The  refult 
\vas  juft  what  I expected.  Two  currents,  in  op- 
pofite  directions,  began  at  the  fame  inftant  to  move 
with  great  celerity  in  die  liquid  in  the  cylindrical 
tube,  the  afcending  current  occupying  the  Tides  of 
the  tube,  while  that  which  moved  downwards 
occupied  its  axis. 

As  the  faline  liquor  grew  warm,  the  velocity  of 
thefe  currents  gradually  diminifhed  ; and  at  length, 
when  the  liquor  had  acquired  the  temperature  of 
the  furrounding  water  in  the  jar,  thefe  motions 
ceafed  entirely. 

On  taking  the  glafs  body  out  of  the  hot  water, 
the  internal  motions  of  the  liquor  recommenced  ; 
but  the  currents  had  changed  their  directions, 
that  which  occupied  the  axis  of  the  tube  being  now 
the  afcending  current. 

When  the  cylindrical  tube,  inftead  of  being  held 
in  a vertical  pofition,  was  inclined  a little,  the 
afcending  current  occupied  that  fide  of  it  which 
happened  to  be  uppermoft,  while  the  under  fide 
of  it  was  occupied  by  the  current  which  moved 
(with  equal  velocity)  downwards. 

When  the  contents  of  the  glafs  body  had  ac- 
quired the  temperature  of  the  air  of  the  room, 
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thefe  motions  ceafed,  but  they  immediately  recom- 
menced on  expoiing  the  inflrument  to  any  change 
of  temperature. 

In  all  cafes  where  the  Inflriiment  received  Heat , 
the  current  in  the  axis  of  its  cylindrical  tube,  when 
it  was  placed  in  a vertical  pofition,  (and  that  which 
occupied  its  upper  fide  when  it  was  inclined,} 
moved  downwards. — When  it  parted  with  Heat  its 
motion  was  in  an  oppofite  direction,  that  is  to  fay, 
upwards. 

A change  of  temperature  amounting  only  to  a 
few  degrees  of  Fahrenheit’s  fcale,  was  fufficient  to 
fet  the  contents  of  the  inflrument  in  motion  \ and 
the  motion  was  more  or  lefs  rapid  as  the  velocity 
was  greater  or  lefs  with  which  it  acquired  or  parted 
with  Heat,  and  the  motion  was  moft  rapid  in  thofe 
parts  of  the  inflrument  where  the  communication 
of  heat  was  not  rapid. 

A partial  motion  might  at  any  time  be  produced 
in  any  part  of  the  inflrument,  by  applying  to  that 
part  of  it  any  body  either  hotter  or  colder  than  the 
inflrument.  If  the  body  fo  applied  were  hotter 
than  the  inflrument,  the  motion  of  the  faline  liquor 
in  that  part  ot  it  immediately  in  contact  with  the 
hot  body,  was  upwards , — if  colder,  doWnivards; 
and  whenever  a hot  or  cold  body  produced  a cur- 
rent upwards  or  downwards,  this  current  immedi- 
ately produced  another  in  fome  other  part  of  the 
liquid  which  flowed  in  an  oppofite  direction. 

On  inclining  the  cylindrical  tube  of  the  inftru- 
ment  to  an  angle  of  about  45  degrees  with  the  plane 
of  the  horizon,  and  holding  the  middle  of  it  over  the 
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flame  of  a candle,  at  the  diftahce  of  three  or  four 
inches  above  the  point  of  the  flame ; the  motion 
of  the  Fluid  in  the  upper  part  of  the  tube  became 
exceflively  rapid,  while  that  in  the  lower  end  of  it 
where  it  was  united  to  the  globe,  as  well  as  that 
in  the  globe  itfelf,  remained  almoft  perfectly  at 
reft. 

1 even  found  that  I could  make  the  Fluid  in  the 
upper  part  of  the  tube  actually  boil , without  that 
in  the  lower  part  of  it  appearing  to  the  hand  to  be 
fenfibly  warmed.  But  when  the  flame  was  directed 
againft  the  lower  part  of  the  tube,  all  the  upper 
pans  of  it  in  contact  with  the  liquid,  and  efpecially 
that  fide  of  it  which  was  uppermoft  as  it  lay  in  an 
inclined  pofition,  where  the  afcending  current  was 
moft  rapid,  and  where  it  impinged  againft  theglafs, 
were  very  foon  heated  very  hot. 

The  motions  in  oppofite  directions,  in  the  liquid 
in  the  tube,  were  exceedingly  rapid  on  this  fudden 
application  of  a ftrong  Heat,  and  alforded  a very 
entertaining  fight: — but  to  a fcientific obferver  they 
were  much  more  than  amufing.  They  detefted 
Nature,  as  it  were,  in  the  very  aft,  in  one  of  her 
molt  hidden  operations,  and  rendered  motions 
vifible  in  the  midft  of  an  invifible  medium,  -which 
never  had  been  obferved  before,  and  which  molt 
probably  had  never  been  fufpefted. 

Encouraged  by  this  fuccefs,  and  confirmed  in 
my  opinions  reflecting  the  iriterehing  fact  I had 
undertaken  to  inveftigate,  I now  proceeded  with' 
confidence  to  hill  more  direct  and  decifive  Expe- 
riments. 
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It  is  an  opinion  which,  I believe,  is  generally 
received  among  philofophers,  that  water  cannot 
be  heated  in  contad  with  ice  : reflecting  on  the 
fubjed,  I immediately  perceived  that  either  this 
mult  be  a miftake,  or  all  my  ideas  refpeding  the 
manner  in  which  Heat  is  propagated  in  that  Fluid 
mult  be  erroneous.  I faw  that  as  long  as  the  ice 
floats  at  the  furface  of  water  which  is  attempted  to 
be  warmed  over  a fire,  (or  in  any  other  way,)  the 
ice-cold  water  which  refults  from  the  melting  of 
the  ice,  mult,  according  to  my  own  hypothefis, 
defccnd,  and  l'preading  over  the  bottom  of  the  con- 
taining vefiel,  and,  before  it  has  time  to  be  much 
heated,  being  in  its  turn  forced  to  give  place  to 
the  ice-cold  water,  which,  as  long  as  any  ice  re- 
mains, continues  to  defcend  in  an  uninterrupted 
dream  as  long  as  this  operation  is  going  on,  the 
mafs  of  the  water  cannot  be  much  heated  ; but  on 
the  fuppofition  that  water  is  not  a condudor  of 
Heat,  according  to  the  common  acceptation  of  that 
term,  or  that  Heat  cannot  pafs  in  that  Fluid  except 
when  it  is  carried  by  its  particles,  which,  being  put 
in  motion  by  the  change  it  occafions  in  their  fpeci- 
fic  gravity,  iranf ports  it  from  place  to  place,  it 
does  not  appear  how  ice,  if  inftead  of  being  per- 
mitted to  fwim  on  water,  were  confined  at  the 
bottom  of  it,  or  at  any  given  diltance  below  its  fur- 
face,  could,  in  any  way  affed  the  temperature  of  the 
fuperincumbent  water,  or  prevent  its  receiving  Fleat 
from  other  bodies. 

Were  water  a condudor  of  Heat,  there  is  no 
doubt  but  that  the  influence  of  the  prefence  of  the 
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ice  would  be  propagated  in  the  water  in  all  direc- 
tions. 

The  metals  are  all  conductors  of  Heat,  and 
Profeffor  Pictet  found,  by  an  ingenious  and  de- 
cifive  Experiment,  that  in  a bar  of  copper,  33 
inches  in  length,  placed  in  a vertical  pofition,  Heat 
palTed  downwards,  as  well  as  upwards,  and  nearly 
with  the  fame  facility  in  both  thefe  directions*  ; and 
if  it  can  be  fhown  that  Heat  cannot  defcend  in  water, 
that  alone  will,  I imagine,  be  thought  quite  fufficient 
to  prove  that  water  is  not  a conductor  of  Heat. 

When  we  meditate  profoundly  on  the  nature 
of  Fluidity,  it  feems  to  me  that  we  can  perceive 
fome  faint  lights  which  might  lead  us  to  fufpeft 
that  the  caufe , and  I may  fay  the  very  ejjence  of 
fluidity , is  that  property  which  the  particles  of 
bodies  acquire  when  they  become  fluid,  by  which 
all  farther  interchange  or  communication  of  Heat 
among  them  is  prevented.  But  however  this  may 
be,  the  refuit  of  the  following  Experiments  will 
certainly  be  confidered  as  affording  indifputabl^ 
evidence  of  one  important  fa  ft,  refpefting  the  man- 
ner in  which  Heat  is  propagated  in  water. 

t 

Experiment , No.  15. 

Into  a cylindrical  glafs  jar  4.7  inches  in  diame- 
ter, and  14  inches  high,  I fitted  a circular  cake  of 
ice  nearly  as  large  as  the  internal  diameter  of  the 
jar,  and  3 * inches  thick,  weighing  103  OZ. 

* EJTats  de  Fhyfiquc,  lomei.  Geneve  1790. 
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This  cake  of  ice  being  ready,  I now  poured  into 
the  jar  6 lb.  i \ oz.  Troy,  of  boiling-hot  water, 
and  putting  the  ice  gently  into  it,  I found  that  it 
was  entirely  melted  in  2 minutes  and  58  feconds. 

Having  found  by  this  Experiment  how  long  the 
ice  was  in  melting  at  the  furface  of  the  hot  water, 
I now  endeavoured  to  find  out  whether  it  would 
not  require  a longer  time  to  melt  at  the  bottom  of 
the  water, 


Experiment , No.  1 6. 

/ ' 

Into  the  fame  jar  which  was  ufed  in  the  fore- 
going Experiment,  I now  put  a cake  of  ice  of  the 
fame  form  and  dimenfions  as  that  above  deferibed, 
but  inftead  of  letting  it  fwiin  at  the  furface  of  the 
hot  water,  I faftened  it  down  on  the  bottom  of  the 
jar,  and  poured  the  water  upon  it. 

This  cake  of  ice  was  faftened  down  in  the  far 
by  means  of  two  flender  and  elaftic  pieces  of  deal 
about  of  an  inch  thick,  and  ~ of  an  inch  wide, 
which,  being  a trifle  longer  than  the  internal  dia- 
meter of  the  jar,  were  of  courfe  a little  bent  when 
they  were  introduced  into  it  in  an  horizontal  po- 
fition,  and  on  being  put  down  upon  the  ice,  at 
right  angles  to  each  other,  ferved  to  confine  the 
ice,  and  prevent  its  rifing  up  to  the  furface  when 
the  water  was  put  into  the  jar  upon  it. 

To  protect  the  ice  while  the  boiling-hot  water 
was  pouring  into  the  jar,  its  furface  was  covered 
with  a circular  piece  of  firong  writing  paper,  which 
was  afterwards  removed  as  gently  as  poflible  by 
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means  of  a firing  which  was  faflened  to  one  fide 
of  it ; and  to  prevent  the  glafs  jar  from  being 
cracked  by  the  fudden  application  of  the  boiling-hot 
water,  I began  by  pouring  a fmall  quantity  of  cold 
water  into  the  jar, — juft  enough  to  fill  up  the  in- 
terftices  between  the  ice  and  the  glafs,  and  to 
cover  the  ice  to  the  height  of  about  4 of  an  inch  j 
and  in  pouring  the  hot  water  into  the  jar,  out 
of  a large  tea-kettle  in  which  it  had  been  boiled, 
I took  care  to  direCl  the  ftreain  againft  the  mid- 
dle of  the  circular  piece  of  paper  which  covered  the 
ice. 

The  jar  with  the  ice  and  the  hot  water  in  it  being 
placed  on  a table  near  a window,  I drew  a\yay,  as 
gently  as  poftible,  the  paper  which  covered  the  fur- 
face  of  the  ice,  and  prepared  myfelf  to  obferve,  at 
my  eafe,  the  refult  of  this  moft  interefting  Experi- 
ment. 

A very  few  moments  were  fufficient  to  fnow  me 
that  my  expectation  with  regard  to  it  would  not  be 
difappointed.  In  the  former  Experiment  a fimilar 
cake  of  ice  had  been  entirely  melted  in  lefs  than 
three  minutes ; but  in  this,  after  more  than  twice  that 
time  had  elafped,  the  ice  did  not  fhow  any  apparent 
figns  of  even  beginning  to  melt.  Its  furface  remained 
fmooth  and  fhining,  and  the  water  immediately 
in  contaCl  with  it  appeared  to  be  perfeClly  at  reft, 
through  the  internal  motions  of  the  hot  water  above 
jt,  which  was  giving  off  its  heat  to  the  fides  of 
the  jar  and  to  the  air,  were  very  rapid,  as  I could 
fliftinctly  perceive  by  means  of  fome  earthy  particles 
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or  other  impurities  which  this  water  happened  te 
contain. 

I examined  the  ice  with  a very  good  lens,  but 
it  was  a long  time  before  I could  perceive  any  figns 
of  its  melting.  The  edges  of  the  cake  remained 
fharp,  and  the  minute  particles  of  duff,  which,  by 
degrees,  were  precipitated  by  the  hot  water  as  it 
grew  colder,  remained  motionlefs  as  foon  as  they 
touched  the  furface  of  the  ice. 

As  the  hot  water  had  been  brought  from  the 
kitchen  in  a tea-kettle,  it  was  not  quite  boiling-hot 
when  it  was  poured  into  the  jar.  After  it  had 
been  in  the  jar  one  minute,  I plunged  a thermo- 
meter into  it,  and  found  its  temperature  to  be  at 
i8o°. 

After  12  minutes  had  elapfed,  its  temperature  at 
the  depth  of  one  inch  under  the  furface  was  170°. 
At  the  depth  of  feven  inches,  or  one  inch  above 
the  furface  of  the  ice,  it  was  at  i6g4s  j while  at  only 
f • of  an  inch  lower,  or  4 above  the  furface  of  the 
ice,  its  temperature  was  40°. 

When  20  minutes  had  elapfed,  the  Heat  in  the 
water  at  different  depths  was  found  to  be  as  follows : 
Immediately  above  the.  furface  of  the  ice  4c0 
At  the  diftance  of  £ an  inch  above  it  46° 

* At  1 inch  - 130° 

At  3 inches  - 1590 

At  7 inches  - - - - 160° 

When  35  minutes  had  elapfed,  the  Heat  was  as 
follows : 

At  the  furface  of  the  ice  1 •*  4°° 

4 an  inch  above  it  - 7^° 

1 inch 
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i inch  above  it 

ta 

IlO° 

2 inches 

m 

1 44° 

3 inches  - * - 

m 

148° 

5 inches  - - 

' m 

i48|« 

7 inches  - 

m 

1 490 

At  the  end  of  one  hour  the  Heat 

was 

as  follows : 

At  the  furface  of  the  ice 

- 

40° 

i inch  above  it 

=» 

8o° 

2 inches 

a 

1 1 8° 

3 inches 

- 

128° 

4 inches 

0 

130° 

7 inches 

m 

■3*° 

After  i hour  and  15  minutes  had  elapfed,  the 

Heat  was  found  to  be  as  follows : 

» 

At  the  furface  of  the  ice 

- 

40° 

1 inch  above  it 

- 

82® 

2 inches 

0 

1060 

3 inches  - 

- 

1230 

The  Heat  of  the  water  had  hitherto 

been  taken 

near  the  fide  of  the  jar ; — in  the  two  following 

trials  it  was  meafured  in  the  middle  or 

axis  of  the 

jar. 

When  1 hour  and  30  minutes— 

-(reckoning 

always  from  the  time  when  the  boiling-hot  water 
was  poured  into  the  jar) — had  elapfed,  the  Heat  of 

the  water  in  the  middle  of  the  jar 
as  follows : 

was 

found  to  be 

At  the  furface  of  the  ice 

40° 

1 inch  above  it 

j 

► 

84° 

2 inches  - ^ 

- 

11 5° 

3 inches  - - 

m 

116® 

7 inches  - =. 

m 

1176 
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When  2 hours  had  elapfed,  the  Heat  in  the  middle 
of  the  jar  was  found  to  be  as  follows : 


At  the  furface  of  the  ice 
1 inch  above  it 


2 inches 

3 inches 

4 inches 

6 inches 

7 inches 


An  end  being  now  put  to  the  Experiment,  the 
hot  water  was  poured  off  from  the  ice,  and  on 
weighing  that  which  remained,  it  was  found  that 
5 oz.  6 grains  Troy  ( = 2406  grains)  of  ice  had 
been  melted. 

Taking  the  mean  temperature  of  the  water  at 
the  end  of  the  Experiment  at  1060,  it  appears 
that  the  mafs  of  hot  water  (which  weighed  73^ 
ounces)  was  cooled  78  degrees,  or  from  the  tem- 
perature of  184°  to  that  of  1060,  during  the  Ex- 
periment. Now,  as  it  is  known  that  one  ounce  of 
ice  abforbs  juft  as  much  Heat  in  being  changed  to 
water  as  one  ounce  of  water  loofes  in  being  cooled 
140  degrees,  it  is  evident  that  one  ounce  of  water 
which  is  cooled  78  degrees,  gives  off  as  much  Heat 
as  would  be  lufficient  to  melt  ffs-  of  an  ounce  of 
ice;  confequently  the  73 £ ounces  of  hot  water, 
which,  in  this  Experiment  were  cooled  78  degrees, 
a&ually  gave  off  as  much  Heat  as  would  have  been 
fufficient  to  have  melted  73|x78=4Q_!_.  ounces  of 

• 140 

ice. 

But  the  quantity  of  ice  actually  melted  was 
only  about  five  ounges  ; and  hence  it  appears  that 

V' 
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hfi  than  one-eighth  -part  of  the  Heat  loft  by  the  water 
was  communicated  to  the  ice ; the  reft  being  carried 
off  by  the  air. 

As  the  fame  quantity  Qf  hot  water  was  ufed  in 
this  Experiment,  and  in  that,  No.  15,  which  im- 
mediately preceded  it,  and  as  this  water  was  con- 
tained by  the  fame  veffel, — (the  glafs  jar  above 
defcribed,) — it  appears  that  ice  melts  more  than 
eighty  times  flower  at  the  bottom  of  a mafs  of  boil- 
ing-hot water,  than  when  it  is  fuffered  to  fwim  on 
its  furface : For,  as  in  the  Experiment,  No.  15, 
io|-oz.  of  ice  were  melted  in  2 minutes  and  58 
feconds,  5 ounces  at  leaft  muft  have  been  melted 
in  1 minute  and  29  feconds  j but  in  the  Ex- 
periment No.  16,  2 hours  or  120  minutes  were 
employed  in  melting  5 ounces. 

The  ice  however  was  melted , though  very  flowly, 
at  the  bottom  of  the  hot  water ; and  that  circum- 
ftance  alone  would  have  been  fufficient  to  have 
overturned  my  hypothefis  refpedting  the  manner 
in  which  Heat  is  propagated  in  liquids,  had  I not 
found  means  to  account  in  a fatisfadtory  manner 
for  that  fadt,  without  being  obliged  to  abandon  my 
former  opinions. 

In  about  half  an  hour  after  the  hot  water  had 
been  poured  into  the  jar,  in  the  laft  Experiment, 
examining  the  furface  of  the  ice  I difcovered  an 
appearance  which  fixed  my  attention  and  excited 
all  my  curiofity  ; I perceived  that  the  ice  had  been 
melted  and  diminilhed  at  its  furface,  excepting  only 
where  it  had  been  covered , or  as  it  were  shadowed, 

S3  by 


I 


248  Of  the  Propagation  of  Heat 

by  the  fat  f tps  of  deal  by  which  the  cake  of  ice  was 
fafened  down  in  its  place. 

Had  the  ice  been  protected  and  prevented  from 
being  melted  by  that  piece  of  the  wood  only,  which, 
being  undermoft  of  the  two,  repofed  immediately 
on  the  furface  of  the  ice,  I fhould  not  perhaps  have 
been  much  furprifed  ; but  that  part  of  the  furface  of 
the  ice  being  likewife  prote&ed  which  was  fituated 
immediately  under  the  other  piece  of  wood, — a 
piece  which,  lying  acrofs  the  under  piece,  and  rett- 
ing on  it,  did  not  touch  the  ice  any  where  except  jufi 
at  its  edge, — that  circumttance  attracted  my  atten- 
tion ; and  I could  at  firft  fee  no  way  of  accounting 
for  thefe  appearances  but  by  fuppofmg  that  the  ice 
had  been  melted  by  the  calorific  rays  which  had 
been  emitted  by  the  hot  water  ; and  that  thofe  parts 
of  the  ice  which  had  been  Jhadowed  by  the  pieces  of 
deal,  receiving  none  of  thofe  rays,  had  of  courfe  not 
been  melted. 

I was  fo  much  ttruck  with  thefe  appearances,  that 
I immediately  made  the  following  Experiments,  with 
a view  merely  to  their  further  elucidation  of  this 
matter. 

Experiment , No.  17. 

Into  a cylindrical  glafs  jar,  inches  in  diame- 
ter, and  8 inches  high,  I put  a circular  cake  of  ice, 
as  large  as  could  be  made  to  enter  the  jar,  and 
about  3 f inches  thick;  and  on  the  flat  and  even 
furface  of  the  ice  I placed  a circular  plate  of  the 
thinneft  tin  I could  procure,  near  6\  inches  in 

diameter. 


in  Fluids . 


249 


diameter,  or  fufficiently  large  juft  to  cover  the  ice. 
This  plate  of  tin  (which,  to  preferve  its  form,  or 
keep  it  quite  flat,  was  ftrengthened  by  a ftrong 
wire,  which  went  round  it  at  its  circumference) 
had  a circular  hole  in  its  centre,  juft  two  inches  in 
diameter,  and  it  was  firmly  fixed  down  on  the 
upper  furface  of  the  cake  of  ice,  by  means  of  feve- 
ral  thin  wooden  wedges  which  paffed  between  its 
circumference  and  the  fides  of  the  jar. 

A fecond  circular  plate  of  tin,  with  a circular 
hole  in  its  centre  two  inches  in  diameter,  and  in 
all  other  refpe&s  exa&ly  like  that  already  defcribed, 
was  now  placed  over  the  firft,  and  parallel  to  it,  at 
the  diftance  of  juft  one  inch,  and  like  the  firft  was 
firmly  fixed  in  its  place  by  wooden  wedges. 

Thefe  perforated  circular  plates  being  fixed  in 
their  places,  the  jar  was  placed  in  a room  where 
Fahrenheit’s  thermometer  flood  at  340 ; and  ice- 
cold  water  was  poured  into  it  till  the  water  juft 
covered  the  upper  plate  ; and  then  the  jar  was 
filled  to  within  half  an  inch  of  its  brim  with  boiling 
wrater  : and  being  covered  over  with  a board,  was 
fuffered  to  remain  quiet  two  hours. 

At  the  end  of  this  time,  the  water,  w'hich  was 
{till  warm,  was  poured  off,  and  the  circular  plate 
being  removed,  the  ice  was  examined. 

A circular  excavation,  juft  as  large  as  the  hole 
in  the  tin-plate  which  covered  the  ice,  (namely  two 
inches  in  diameter,)  and  correfponding  with  it, — 
perfe&ly  well  defined, — and  about  VV  of  an  inch 
deep  in  the  centre,  had  been  made  in  the  ice. 
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This  was  what  I expefted  to  find ; but  there 
was  fomething  more,  which  I did  not  expeft,  and 
which,  for  fome  time,  I was  quite  at  a lofs  to 
account  for.  Every  part  of  the  furface  of  the  ice 
which  had  been  covered  by  the  tin  plate,  appeared 
to  be  perfeft,  level,  and  fmooth,  and  fhowed  no, 
figns  of  its  having  been  melted  or  diminilhed,  ex- 
cepting only  in  one  place,  where  a channel,  about 
an  inch  wide,  and  a little  more  than  TV  of  an  inch 
deep,  which  fhowed  evident  marks  of  having  been 
formed  by  a ftream  of  warm  water,  led  from  the 
excavation  juft  mentioned,  in  the  centre  of  the 
upper  part  of  the  cake  of  ice,  to  its  circumference. 

As  the  edge,  or  vertical  fide,  of  the  cake  of  ice 
was  evidently  worn  away  where  this  ftream  pafted, 
there  could  be  no  doubt  with  refpeft  to  its  direttion. 
It  certainly  ran  oat  of  the  circular  excavation  in  the 
- middle  of  the  ice  j and  though  it  might  at  firft 
appear  difficult  to  explain  the  fatt,  and  to  fhow  how 
this  hot  water  could  arrive  at  that  place,  yet  it  was 
quite  evident  that  the  immediate  caufe  of  the  motion 
of  this  ftream  of  water  could  be  no  other  than  its 
fpecific  gravity  being  greater  than  that  of  the  reft 
of  the  water  at  the  fame  depth  : and  that  this 
greater  fpecific  gravity  was  at  the  fame  time  accom- 
panied by  a higher  degree  of  Heat,  was  evident 
from  the  deep  channel  which  this  ftream  had  melted 
in  the  ice,  while  other  parts  of  the  furface  of  the 
ice,  at  the  fame  level,  were  not  melted  by  the  water 
which  refted  on  it.  To  elucidate  this  matter  ftill 
farther,  I made  the  following  Experiment : 
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Experiment,  No.  18. 

Thinking  it  probable,  that  if  the  circular  exca- 
vation in  the  ice,  which  anfwered  to  the  circular 
hole  in  the  middle  of  the  tin-plate  which  covered 
the  ice,  and  alfo  to  that  in  the  fecond  plate  which 
was  placed  an  inch  higher,  had  been  melted  by 
radiant  Heat,  (as  it  has  improperly  been  called,) 
or  by  the  calorific  rays  from  the  hot  water  ; then, 
in  that  cafe,  as  fome  of  thefe  rays  mull  probably 
have  been  reflected  downwards  at  the  furface  of 
the  water,  in  attempting  to  pafs  upwards  into  the 
air,  I thought  that  by  preventing  this  part  of  them 
from  reaching  the  ice,  which  I endeavoured  to  do 
by  caufing  them  to  be  abforbed  by  a light  black 
body,  (a  circular  piece  of  deal  board,  covered  over 
with  black  filk,)  which  I caufed  to  fwim  on  the 
furface  of  the  water,  their  effefts  in  melting  the  ice 
might  perhaps  be  fenfibly  diminifhed.  Had  this 
really  been  the  cafe,  it  would  certainly  have  afforded 
ftrong  grounds  to  fufpeft  that  thefe  rays  were  in 
faft  the  caufe  of  the  appearances  in  queflion ; but 
on  making  the  Experiment  with  the  greateft  care, 
I could  not  perceive  that  the  covering  of  the 
furface  of  the  hot  water  with  a black  body  pro- 
duced any  difference  whatever  in  the  refult  of 
the  Experiment  as  it  was  firfl  made,  (Experi- 
ment No.  17,)  or  when  this  black  covering  was 
not  ufed. 

After  fome  meditation  on  the  fubjecl,  it  oc- 
curred to  me  that  this  melting  of  the  ice  at  its 
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upper  furface  could  be  accounted  for,  in  a manner 
which  appeared  to  me  to  be  perfectly  fatisfaclory  ; 
without  fuppofing  either  that  water  is  a condudlor 
of  Heat,  or  that  the  efTedt  in  queftion  was  produced 
by  calorific  rays. 

Though  it  is  one  of  the  mod  general  law3  of  na- 
ture with  which  we  are  acquainted,  that  all  bodies, 
folids  as  well  as  fluids,  are  condenfed  by  cold : 
yet,  in  regard  to  water , there  appears  to  be  a very 
remarkable  exception  to  this  law.  Water,  like  all 
other  known  bodies,  is  indeed  condenfed  by  cold  at 
every  degree  of  temperature  which  is  confiderably 
higher  than  that  of  freezing,  but  its  condenfation, 
on  parting  with  Heat,  does  not  go  on  till  it  is 
changed  to  ice  ; but  when  in  cooling  its  tempera- 
ture has  reached  to  about  the  40th  degree  of 
Fahrenheit’s  fcale,  or  about  eight  degrees  above 
freezing,  it  ceafes  to  be  farther  condenfed  ; and  on 
being  cooled  flill  farther,  it  actually  expands,  and 
continues  to  expand,  as  it  goes  on  to  loofe  more  of 
its  Heat,  till  at  laft  it  freezes ; and  at  the  moment 
when  it  becomes  folid,  and  even  after  it  has  become 
folid,  it  expands  flill  more,  on  growing  colder. 

This  fadt,  which  is  noticed  by  M.  de  Luc,  in 
his  excellent  treatife  on  the  modifications  of  the 
atmofphere,  has  fince  been  farther  invefligated  and 
put  beyond  all  doubt,  by  Sir  Charles  Blagden. 
See  Philofophical  Tranfadtions,  vol.  lxxviii. 

Now,  as  water  in  contadl  with  melting  ice  is 
always  at  the  temperature  of  320,  it  is  evident  that 
water  . at  that  temperature  mull  be  fpecifically 
lighter  than  water  vfhich  is  eight  degrees  warmet, 
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or  at  the  temperature  of  40°  ; confequently,  if  two 
parcels  of  water  at  thefe  two  temperatures  be 
contained  in  the  fame  veflel,  that  which  is  the 
coldeji  and  light  eft  mu  ft  neceflarily  give  place  to 
that  which  is  warmer  and  heavier,  and  currents 
of  the  warmer  water  will  defcend  in  that  which  is 
colder. 

In  the  two  laft  Experiments,  as  the  circular  tin- 
plate which  covered  the  furface  of  the  ice  ferved 
to  confine  the  thin  fheet  of  water  which  was  be- 
tween the  plate  and  the  ice,  as  this  water  could 
not  rife  upwards,  being  hindered  by  the  plate, 
and  as  it  had  no  tendency  to  defcend,  it  is  pro- 
bable that  it  remained  in  its  place  ; and  as  it  was 
ice-cold , it  was  not  capable  of  melting  the  ice  on 
which  it  repofed. 

But  as  the  tin-plate  had  a circular  hole  in  its 
centre,  the  furface  of  the  ice  in  that  part  was  of 
courfe  naked,  and  the  ice-cold  water  in  contaft 
with  it  being  difplaced  by  the  warmer  and  heavier 
water  from  above,  an  excavation,  in  the  form  of  a 
lhallow  bafin,  was  formed  in  the  ice  by  this 
defcending  warm  current. 

The  warm  water  contained  in  this  bafin  over- 
flowed its  banks  as  foon  as  the  bafin  began  to  be 
formed  ; and  iffuing  out  on  that  fide  which  hap- 
pened to  be  the  loweft,  opened  itfelf  a paffage 
under  the  tin-plate  to  the  edge  of  the  ice,  over 
which  it  was  precipitated,  and  fell  down  to  the 
bottom  of  the  jar.  dhe  water  of  this  rivulet  being 
warm,  it  foon  formed  for  itfelf  a deep  channel  in 
the  ice  j and  at  the  end  of  the  Experiment  it  was 
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found  to  be  everywhere  deeper  than  the  bottom  of 
the  bafm  where  it  took  its  rife. 

This  manner  of  accounting  for  the  appearances 
in  queflion  feemed  to  me  to  be  quite  fatisfa&ory ; 
and  the  more  I meditated  on  the  fubjeft,  the  more 
I was  confirmed  in  my  fufpicions  that  all  liquids 
jnuft  neceilarily  be  perfect  non-condudors  of  Heat. 

On  thefe  principles  I was  npw  enabled  to  account 
for  the  melting  of  the  ice  at  the  bottom  of  the  hot 
water  in  the  Experiment  No.  1 6;  as  alfo  for  the 
flownefs  with  which  that  procefs  went  on  ;-r-and 
encouraged  by  this  fuccefs,  I now  proceeded  with 
confidence  to  plan  and  to  execute  Rill  more  decifive 
Experiments ; from  the  refults  of  which,  I may 
venture  to  fay  it, — the  important  fatts  in  queftion 
have  been  put  beyond  all  pofiibility  of  doubt. 

If  water  be  in  fa<5l  a perfeft  non-conductor  of 
Heat, — that  is  to  fay,  if  there  be  no  communication 
whatever  of  Heat  between  neighbouring  particles 
or  molecules  of  that  fluid,  (which  is  what  I fuppofe,) 
then,— as  Heat  cannot  be  propagated  in  it  but  only 
in  'confequence  of  the  motions  occafioned  in  the 
fluid  by  the  changes  in  the  fpecific  gravity  of  thofe 
particles  which  are  occafioned  by  the  changes  of 
their  temperature,  it  follows  that  Heat  cannot  be 
propagated  downwards  in  water,  as  long  as  that 
fluid  continues  to  be  condenfed  with  cold;  and 
that  it  is  only  in  that  direction , (downwards,)  that  it 
can  be  propagated  after,  the  water  has  arrived  at  that 
temperature,  where  it  begins  to  be  expanded  by 
cold; — which  has  been  found  to  be  at  about  the 
40th  degree  of  Fahrenheit’s  feale. 
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Reafoning  on  thefe  principles,  we  are  led  to 
this  remarkable  conclufion  ; namely,  that  water 
which  is  only  eight  degrees  (ibove  the  freezing  point , 
cr  at  the  temperature  of  40°, — muft  be  able  to  melt  as 
much  ice  in  any  given  time , when  standing  on 
its  surface,  as  an  equal  volume  of  water  at  any 
higher  temperature , even  though  it  were  boil- 
ing hot. 

My  philofophical  reader  will  doubtlefs  think 
that  I mull  have  had  no  finall  degree  of  confidence 
in  the  opinion  I had  formed  on  this  interefting 
fubjeft,  to  have  had  the  courage  to  make,  even  in 
private , the  Experiments  that  were  neceflary  to 
^certain  that  fa<ft. 

Experiment , No.  19. 

Into  a cylindrical  glafs  jar,  4.7  inches  in  diame- 
ter, and  13.8  inches  high,  I put  43.87  cubic  inches, 
or  1 lb.  ijfoz.  Troy,  in  weight,  of  water,  and 
placing  the  jar  in  a freezing  mixture,  compofed  of 
pounded  ice  and  common  fea-falt,  I caufed  the 
water  to  freeze  into  one  compact  mafs ; which  ad- 
hered firmly  to  the  bottom  and  fides  of  the  jar,  and 
which  formed  a cylinder  of  ice  juft  three  inches 
high. 

Had  the  bottom  of  the  jar  been  quite  flat,  inftead 
of  being  raifed,  or  vaulted,  the  cylinder  of  ice  would 
have  been  no  more  than  2.67  inches  high. 

As  foon  as  the  water  in  the  jar  was  completely 
frozen,  the  jar  was  removed  from  the  freezing 
mixture,  and  placed  in  a mixture  of  pounded  ice 
and  pure  water,  where  it  was  fuflered  to  remain 

four 
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four  hours,  in  order  that  the  cake  of  ice  in  the  jar 
might  bebrought  to  theprecife  temperature  of  32°. 

The  jar  ftill  handing  in  a fhallow  difh  in  the 
pounded  ice  and  water,  the  furface  of  which  cold 
mixture  was  juft  on  a level  with  the  furface  of  the 
ice  in  the  jar,  I covered  the  top  of  the  cake  of  ice 
with  a circular  piece  of  ftrong  paper,  and  poured 
gently  into  the  jar  73-f  oz.  Troy  of  boiling-hot 
water,  which  filled  it  to  the  height  of  eight  inches 
above  the  furface  of  the  ice.  (See  Plate  II.) 

I then  removed  very  gently  the  circular  piece 
of  paper  which  covered  the  furface  of  the  ice,  and 
after  leaving  the  hot  water  in  contact  with  the  ice 
a certain  number  of  minutes,  I poured  it  off,  and 
— weighing  immediately  the  jar,  and  the  unmelted 
ice  which  remained,  in  it, — I afeertained  the  quantity 
of  ice  which  had  been  melted  by  the  hot  water  during 
the  time  it  had  been  buffered  to  remain  in  the  jar. 

This  Experiment  I repeated  four  times  the  fame 
day,  (16th  March  1797,)  varying  at  each  repe- 
tition of  it  the  time  the  water  was  permitted  to 
remain  on  the  ice.  The  refults  of  thefe  Experi- 
ments were  as  follows : 


Number  of 
the  Expe- 
riment. 

[Time  the 
hot  wa- 
ter re- 
mained 
on  the 
ice. 

Temperature 
of  the  hot 
water  when 
it  was  pour- 
ed on  the 
ice. 

Temperature 
of  the  water 

1 inch  below 
its  furface  at 
the  end  of  the 
Experiment. 

Quantity 
of  ice 
melted. 

No.  19 

Minutes. 

I 

1 86° 

Not  obferved 

Grains. 

1632 

No.  20 

*3 

185° 

Not  obferved 

1824 

No,  2 1 

*5 

170° 

»797 

No.  22 

60 

j86°  1 

140° 

z?73 

From 
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From  the  refults  of  thefe  Experiments,  it  was 
plain  that  a very  confiderable  portion  of  the  ice 
that  was  melted,  was  melted  in  the  very  begin- 
ning of  the  Experiments,  or  while  the  hot  water 
was  adlually  pouring  into  the  jar  ; which  operation 
commonly  lafled  about  one  minute : and  the  irre- 
gularities in  the  refults  of  the  Experiments,  and 
particularly  of  the  three  firft,  fhowed  evidently 
that  the  quantity  of  ice  melted  in  that  operation 
was  different  in  different  Experiments.  I had  indeed 
forefeen  that  this  would  be  the  cafe  ; and  on  that 
account  it  was  that  I covered  the  furface  of  the 
ice  with  a circular  piece  of  ftrong  paper,  and  always 
took  care  to  pour  the  water  very  gently  into  the  jar : 
but  I found  that  all  thefe  precautions  were  not  fuf- 
ficient  to  prevent  very  confiderable  anomalies  in  the 
refults  of  the  Experiments  ; and  as  I found  reafon 
to  fufpect  that  the  motion  in  the  mafs  of  the  hot 
water,  that  was  unavoidably  occafioned  by  remov- 
ing the  circular  piece  of  paper  which  covered  the  ice, 
was  the  principal  caufe  of  thefe  inaccuracies,  I had 
recourfe  to  another,  and  a better  contrivance. 

Having  procured  a flat,  fhallow  difh,  of  light 
wood,  half  an  inch  deep,  44  inches  in  diameter, 
(or  fomething  lefs  than  the  internal  diameter  of  the 
jar,)  — and  about  -iof  an  inch  thick  at  its  bottom, 
I bored  a great  number  of  very  fmall  holes  through 
its  bottom,  which  gave  it  the  appearance  of  a 
fieve.  I his  perforated  wooden  difh  having  been 
previoufly  made  ice-cold,  was  placed  on  the  furface 
of  the  ice  in  the  jar;  and  the  hot  water  being 
gently  poured  into  the  difh  through  a long  wooden 

tube ; 
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tube  ; as  this  perforated  difli  floated  and  remained 
conftantly  at  the  furface  of  the  water,  and  as  the 
water  pafling  through  fuch  a great  number — (many 
hundreds) — of  fmall  holes,  was  not  projected  down- 
wards with  force,  it  is  evident  that  by  this  fimple 
contrivance  thofe  violent  motions  in  the  mafs  of 
water  in  the  jar,  that  before  took  place  when  the 
hot  water  was  poured  into  the  ice,  and  when  the 
paper  which  covered  the  ice  was  removed,  were, 
m a great  meafure,  prevented. 

In  order  that  the  water  that  was  poured  through 
the  wooden  tube  (the  bore  of  which  was  about  half 
an  inch  in  diameter)  might  not  impinge  perpendicu- 
larly and  with  force  againft  the  bottom  of  the  difli, 
the  lower  end  of  the  tube  was  clofed  by  a fit  cork- 
Hopple,  and  the  water  was  made  to  ifliie  horizon- 
tally through  a number  of  fmall  holes  in  the  fides 
of  this  tube,  at  its  l^wer  end. 

As  foon  as  the  operation  of  pouring  the  hot 
water  into  the  jar  was  finished,  the  perforated  difli 
was  carefully  removed,  and  the  jar  was  covered 
with  a circular  wooden  cover,  from  the  centre  of 
which  a fmall  mercurial  thermometer  was  fufi 
pended. 

The  effects  produced  by  this  new  arrangement  of 
the  machinery  will  appear  by  comparing  the  refults 
of  the  two  following  Experiments  with  thofe  juft 
mentioned. 
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Number 
of  the  Ex- 
periment. 

m 

Time  the 
hot  water 
remained 
on  the  ice. 

Temperature  of  the 
hot  water. 

Quantity 
of  ice 
melted. 

At  thebe- 
ginning. 

At  the 
end. 

No.  23 
No.  24. 

Minutes. 

1 

3 

196° 

190° 

196° 

1 88° 

Grains. 

423 

7C3 

In  order  dill  more  effectually  to  prevent  the  in- 
accuracies arifing  from  the  internal  motions  in  the 
mafs  of  hot  water  that  were  occafioned  in  pour- 
ing the  water  into  the  jar,  (and  which  could  not 
fail  to  affeCt,  more  or  lefs,  the  refults  of  the  Ex- 
periment,) I had  recourfe  to  the  following  con- 
trivance. 

I filled  a finall  phial  containing  81  cubic  inches 
with  ice-cold  water,  and  then  emptying  the  phial 
in  the  jar,  I covered  the  furface  of  the  ice  with 
this  ice-cold  water  to  the  height  of  0.478  of  an 
inch. 

On  the  furface  of  this  ice-cold  water,  inftead  of 

✓ 

that  of  the  ice,  I now  placed  the  perforated  wooden 
dilh,  previoufly  made  ice-cold,  and  poured  the  hot 
water  upon  it. 

The  refults  of  the  following  Experiments  {how 
that  this  contrivance  tended  much  to  diminilh  the 
apparent  irregularities  of  the  Experiments. 

The  air  of  the  room  in  which  thefe  Experiments 
were  made  was  at  the  temperature  of  410. 


2 6o  Of  the  Propagation  of  Heat 


No.  of  the 
Experiment. 

Time  the 
hot  water 
was  on  the 
ice. 

Temperature  of  the 
hot  water  one  inch 
below  its  furface. 

Quantity 
of  ice 
melted. 

At  the 
beginning 

At  the 
end. 

No.  25 
No.  26 
No.  27 

Minutes. 

10 

3° 

I So 

I920 

190° 

190° 

182° 

165° 

Q5° 

Grains. 

580 

9>4 

3200 

From  the  refults  of  thefe  laft  three  Experiments 
we  can  now  determine  with  a very  confiderable 
degree  of  certainty  how  much  ice  was  melted  in 
the  a£l  of  pouring  the  water  into  the  jar , and  con- 
fequently  the  rate  at  which  it  was  melted  in  the 
ordinary  courfe  of  the  Experiment ; — fuppofing 
equal  quantities  to  be  melted  in  equal  times. 

As  in  the  27th  Experiment  3200  grains  were 
melted  in  180  minutes,  and  in  the  25th  Expe- 
riment 580  grains  were  melted  in  10  minutes,  we 
may  fafely  conclude  that  the  fame  quantity  mud 
have  been  melted  in  the  fame  time  (10  minutes)  in 
the  27th  Experiment;  if,  therefore,  from  3200 
grains, — the  quantity  melted  in  180  minutes  in  this 
lad  Experiment, — we  dedud  580  grains  for  the 
quantity  melted  during  the  firfl  10  minutes, — there 
will  remain  2620  grains  for  the  quantity  melted  in 
the  fucceeding  170  minutes,  when,  the  motions 
occafioned  in  the  water  on  its  being  poured  into  the 
jar  having  fublided,  we  may  fuppofe  the  procefs  of 
melting  the  ice  to  have  gone  on  regularly. 

But  if  in  the  regular  courfe  of  the  Experiment, 
no  more  than  2620  grains  were  melted  in  170 

6 minutes. 
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minutes,  it  is  evident  that  not  more  than  i 54  grains 
could  have  been  melted  in  the  ordinary  courfe  of 
the  procefs  in  10  minutes  ; for  170  minutes : 2620 
grains::  10  minutes  : 154  grains. — If,  therefore, 
from  580  grains,  the  quantity  of  ice  actually  melt- 
ed in  10  minutes  in  the  25th  Experiment,  we  de- 
duct 154  grains,  there  remains  426  for  the  quan- 
tity melted  in  pouring  the  water  into  the  jar. 

Let  us  fee  now  how  far  this  agrees  with  the  re- 
fult  of  the  26th  Experiment.  In  this  Experiment 
914  grains  of  ice  were  melted  in  30  minutes. 
If  from  this  quantity  we  deduct  426  grains,  the 
quantity,  which,  according  to  the  foregoing  com- 
putation, mull  have  been  melted  in  pouring  the  hot 
•mater  into  the  jar , there  will  remain  478  grains 
for  the  quantity  melted  in  the  ordinary  courfe 
of  the  procefs  in  30  minutes;  which  gives  159 
grains  for  the  quantity  melted  in  10  minutes; 
which  differs  very  little  from  the  refult  of  the 
foregoing  computation,  by  which  it  appeared  to 
be"  154  grains.  This  difference  however,  fmall 
as  it  is,  is  fufficient  to  prove  an  important  fa£t, 
namely,  that  the  effefts  produced  by  the  motion 
into  which  the  hot  water  had  been  thrown  in 
being  poured  into  the  jar  had  not  ceafed  entirely 
in  10  minutes,  or  when  an  end  was  put  to  the  5th 
Experiment.  We  fhall  therefore  come  nearer  the 
truth,  if,  in  our  endeavours  to  difcoverthe  quantity 
of  ice  melted  in  any  given  time,  in  the  ordinary 
courfe  of  the  Experiments , we  found  our  com- 
putation on  the  refults  of  the  two  Experiments 
No.  2 6 and  No*  27. 

VOL.  II. 
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In  the  latter  of  thefe  Experiments  3200  grains 
of  ice  were  melted  in  180  minutes,  and  in  the 
former  914  grains  were  melted  in  30  minutes.  If, 
therefore,  from  3200  grains,  the  quantity  melted 
in  180  minutes,  we  take  the  quantity  melted  in 
the  fird  30  minutes,  — 914  grains,  there  will  re- 
main 2286  grains  for  the  quantity  melted  in  the 
fucceeding  150  minutes,  and  this  gives  150  grains 
for  the  quantity  melted  in  10  minutes.  By  the 
former  computation  it  turned  out  to  be  154 
grains. 

But  if  152  grains  of  ice  is  the  quantity  melted 
in  10  minutes,  in  the  ordinary  courfe  of  the 
procefs,  three  times  that  quantity,  or  456  grains 
only,  could  have  been  melted  in  this  manner  in  the 
30  minutes  during  which  the  26th  Experiment 
laded;  and  deducing  this  quantity  from  914 
grains,  the  quantity  aflually  melted  in  that  Expe- 
riment, the  remainder,  458  grains,  fhows  how 
much  mud  have  been  melted  in  the  pouring  the 
hot  water  on  the  ice, — or  in  confequence  of  the 
motions  into  which  the  water  was  thrown  in  the 
performance  of  that  operation.  By  the  preced- 
ing computation  this  quantity  turned  out  to  be 
426  grains. 

From  the  refult  of  all  thefe  computations  I think 
we  may  fafely  conclude,  that  in  the  ordinary  courfe 
of  the  Experiments  not  more  than  152  grains  of 
ice  were  melted  by  the  hot  water  in  j o minutes. 

I fhall  now  proceed  to  give  an  account  of  feveral 
Experiments  in  which  the  water  employed  to  melt 
the  ice  was  at  a much  lower  temperature. 


Having 
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Having  removed  a fmall  quantity  of  ice  which 
remained  unmelted  in  the  bottom  of  the  jar,  I put 
a frefh  quantity  of  water  into  it,  and  placing  the 
jar  in  a freezing  mixture,  caufed  this  water,  which 
filled  the  jar  to  the  height  of  four  inches,  to  freeze 
into  one  folid  mafs  of  ice.  I then  placed  the  jar 
in  a fnallow  earthen  difh,  and  furrounded  it  to  the 
height  of  the  level  of  the  top  of  the  ice  with  a 
mixture  of  fnow  and  water  (fee  Plate  II.)  5 and 
placing  it  in  a room  in  which  there  had  been  no 
fire  made  for  many  months,  and  in  which  the 
temperature  of  the  air  was  at  410,  I let  it  remain 
quiet  two  hours,  in  order  that  the  ice  might  acquire 
the  temperature  of  3 2°. 

This  being  done,  I took  the  jar  out  of  the 
earthen  difh,  and  wiping  the  outfide  of  it  dry  with 
a cold  napkin,  I weighed  the  jar  with  the  ice  in  it 
very  exactly,  and  then  replaced  it  in  the  earthen 
difh,  and,  furrounded  it  as  before  with  fnow  and 
water,  to  the  height  of  the  level  of  the  furface  of 
the  ice.  > 

I then  poured  73^  ounces  Troy  (=15,160  grains) 
of  water,  at  the  temperature  of  410,  into  the  jar, 
which  covered  the  ice  to  the  fame  height  to  which 
it  had  been  covered  in  the  former  Experiment,— 
namely,  to  about  8 inches  ; and  fuffering  it  to 
fland  on  the  ice  a certain  number  of  minutes,  I 
then  poured  it  off,  and  wiping  the  outfide  of  the 
jar,  weighed  it  a fecond  time,  in  order  to  afcertain 
how  much  ice  had  been  melted. 

In  putting  this  cold  water  into  the  jar,  the  fame 
precautions  were  ufed — (by  pouring  it  through  the 
• j t 2 wooden 
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wooden  tube  into  the  perforated  wooden  difli,  &c.) 
— as  were  ufed  when  the  Experiment  was  made 
with  boiling  the  water. 

The  following  Table  fhows  the  refults  of  fix 
Experiments  made  the  fame  day,  (the  19th  March 
1797,)  in  the  order  in  which  they  are  numbered, 
and  which  were  all  made  with  the  utmoft  care : 


Number 

of  me 
Experi- 
ment, 

Temperature  of  the 
water  in  the  jar 
1 inch  below  its 
furface. 

Tern  pe- 
raeure  of 

Time  the 
water  re- 
mained on 
the  ice. 

1 

Quantity 
of  ice 

At  the  be- 
ginning ol 
the  Exp. 

At  the 
end  of 
the  Exp, 

the  air. 

melted. 

1 

No.  28 

41* 

40° 

410 

Minutes. 

JO 

Grains. 

203 

No,  29 

4*  ° 

40° 

4»° 

IO 

220 

No.  30 

41  ° 

4°° 

4*  ° 

IO 

237 

No.  3 1 

4»° 

40° 

41  ° 

IO 

228 

'No.  32 

4i° 

38° 

4i° 

30 

6I7 

No.  33 

4*° 

38° 

41° 

3° 

t/l 

OO 

-V~t 

The  agreement  in  the  refults  of  thefe  Experi- 
ments is  not  much  lefs  extiaordinary  than  the  fur- 
prifing  fact  which  is  proved  by  them, — namely, 
that  boiling-hot  water  does  not  thaw  more  ice  in 
any  given  time  when  funding  quietly  on  its  fur  face, 
than  water  at  the  temperature  of  41° — or  nine 
degrees  only  above  the  point  of  freezing  ! 

There  is  reafon  to  conclude  that  it  does  not  even 
thaw  fo  much ; — and  this  (till  more  remarkable 
circumftance  may,  I think,  be  accounted  for  in  a 
fatisfadlory  manner,  on  the  fuppofition  (which, 
however,  I imagine  will  no  longer  be  ccmfidered  as 
i.  . . - * a bare 
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a bare  fuppofition)  that  water  is  a non-condudlor 
of  Heat. 

It  appeared  from  the  refults  of  the  Experiments 
made  with  hot  water,  that  the  quantity  of  ice  melt- 
ed in  10  minutes  in  the  ordinary  courfe  of  that 
procefs  amounted  to  no  more  than  152  grains  ;• — 
but  in  thefe  Experiments  with  cold  water,  the 
quantity  melted  in  that  time  was  never  lefs  than 
203  grains,  and  taking  the  mean  of  four  Experi- 
ments, it  amounted  to  222  grains. 

There  is  one  circumftance,  however,  refpe&ing 
thefe  Experiments  with  cold  water,  which  it  is  ne- 
ceflary  to  inveftigate  before  their  refults  -can  be 
admitted  as  complete  proof  in  the  important  cafe 
in  quetlion. 

In  the  Experiments  which  were  made  with  hot 
water,  it  was  found  that  a confiderable  part  of  the 
ice  which  was  melted,  was  melted  in  confequence 
of  the  motions  into  which  the  water  was  thrown 
upon  being  poured  into  the  jar,  and  that  the  effect 
of  thefe  motions  continued  to  be  fenfible  for  a 
longer  time  than  molt  of  thefe  Experiments  with 
cold  water  lafted.  Is  it  not  poffible  that  the  refults 
of  thefe  Experiments  with  cold  water  may  alfo 
have  been  affedted  by  the  fame  caufe  ? This  is  what 
I fhall  endeavour  to  find  out. 

In  the  3 2d  Experiment  617  grains  of  ice  were 
melted  in  30  minutes,  and  in  the  33d  Experiment 
385  grains  were  melted  in  the  fame  time  ; and 
taking  the  mean  of  thefe  two  Experiments  it  ap- 
pears that  60 1 grains  were  melted  in  3,0 -minutes,, 

t 3 If 
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If  now  from  this  quantity  we  deduct  that  which 
according  to  the  mean  refult  of  the  four  preced? 
ing  Experiments,  muft  have  been  melted  in  io 
minutes,  namely,  222  grains,  there  will  remain  379 
grains  for  the  quantity  melted  in  the  laft  20  mi- 
nutes in  thefe  two  Experiments ; confequently, 
half  this  quantity,  or  189!  grains,  is  what  muft 
have  been  melted  in  10  minutes  in  the  ordinary 
conrfe  of  the  procefs. 

But  this  quantity,  (189’- grains,)  though  lefs 
than  what  was  actually  melted  in  the  Experiments 
which  lafted  only  10  minutes,  is  dill  confiderably 
greater  than  152  grains,  the  quantity  which  was 
found  to  have  been  melted  in  the  fame  time  in 
the  ordinary  courfe  of  the  procefs  in  thofe  Expe- 
riments in  which  hot  water  was  ufed  5 — confe- 
quently the  great  queflion,  for  thedecifion  of  which 
thefe  Experiments  were  contrived,  is, — I believe  I 
may  venture  to  fay, — decided*. 

But,  however  conclufive  the  refult  of  thefe  Ex- 
periments appeared  to  me  to  be,  I felt  myfelf  too 
much  interefled  in  the  fubjedt  to  red  my  inquiries 
here. 

Having  found,  as  well  from  the  refults  of  the 
Experiments  made  with  cold  water,  as  from  thofe 
made  with  hot  water,  that  a confiderable  quantity 

* Thofe  who  refufe  their  aflent  to  the  conclufion  here  d-rawn, — name- 
ly, that  there  rs  not  any  communication  of  Heat  whatever  between 
neighbouring  particles  of  water,  are  defied  to  explain  the  Phenomena 
on  their  own  principles,  and  fhew  how  it  happens  that  boilinr-hot 
water  thaws  less  ice  in  any  given  time,  when  Itanding  on  its  furfacc, 
than  cold  water. 
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of  ice  was  melted  in  the  a£t  of  pouring  the  water 
into  the  jar,  and  in  confequence  of  thofe  undulatory 
motions  into  which  the  water  was  thrown  in  that 
operation,  notwithftanding  all  the  pains  I had  taken 
to  diminilh  thofe  motions,  and  prevent  their  effefts, 
I now  doubled  my  precautions  in  guarding  againll 
thofe  fources  of  error  and  uncertainty. 

Before  1 poured  the  water  into  the  jar  I coyered 
the  furface  of  the  ice  to  the  height  0.956  of  an 
inch  with  ice-cold  water,  and  this  I did  when  water 
at  the  temperature  of  410  was  ufed,  as  well  as  in 
thofe  Experiments  in  which  boiling-hot.  water  was 
employed.  In  the  former  Experiments  I had  co- 
vered the  furface  of  the  ice  with  ice-cold  water  only 
in  thofe  Experiments  in  which  hot  water  was  ufed, 
and  even  in  thofe  I ufed  only  half  as  much  ice- 
cold  water  as  I now  employed  for  that  purpofe, 

I alfo  now  poured  the  water  into  the  jar  in  a 
fmaller  ftream,  employing  no  lefs  than  three  mi- 
nutes in  filling  it  up  to  the  height  of  eight  inches 
above  the  furface  of  the  ice  ; and  I endeavoured 
to  afcertain  how  far  the  refults  of  the  Experiments 
were  influenced  by  the  temperature  of  the  air,  and 
alfo  by  wrapping  up  the  jar  in  warm  covering. 

The  fame  jar  was  ufed  in  all  the  Experiments, 
and  it  was  always  placed  in  the  fame  earthen  difh, 
and  furrounded,  to  the  level  of  the  top  of  the  ice, 
with  melting  fnow.  This  jar  is  very  regular  in  its 
form,  being  very  nearly  a perfect  cylinder,  and  is 
on  that  account  peculiarly  well  calculated  for  the 
ufe  for  which  I fele&ed  it. 
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In  each  of  the  three  firfl  Experiments,  which 
are  entered  in  the  following  Table,  the  jar  was  well 
covered  up  with  a very  warm  covering  of  cotton 
wool.  This  covering  (which  was  above  an  inch 
thick)  reached  from  the  furface  of  the  melting 
fnow  in  which  the  jar  flood,  quite  to  the  top  of  the 
jar.  The  mouth  of  the  jar  was  firfl  covered  with 
a round  wooden  cover,  (from  the  centre  of  which  a 
thermometer,  the  bulb  of  which  reached  one  inch 
below  the  furface  of  the  water,  was  fufpended)  and 
on  the  top  of  this  wooden  cover  there  was  put' 
a thick  covering  of  cotton. 

In  all  the  Experiments  in  the  following  Table* 
except  the  three  firfl,  the  jar  was  expofed  naked  to 
the  air,  except  the  lower  part  of  it,  which,  as  I 
have  already  more  than  once  obferved,  was  always 
covered,  as  high  as  the  ice  in  the  jar  reached,  with 
melting  fnow,  or  with  pounded  ice  and  water. 

In  the  two  Experiments  No.  37  and  No.  38., 
which  are  marked  with  afterifks,  the  furface  of  the 
ice  was  covered  with  ice-cold  water  to  the  depth 
of  0.478  of  an  inch  only  ; — in  all  the  other  Expe- 
riments it  was  covered  to  the  depth  of  0.956  of 
an  inch. 
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Number 
of  the 
Experi- 
ment. 

Temperature  of  the 
water  in  the  jar, 

1 inch  below  its 
furface, 

Tempera- 
ture of 

Time  the 
water  re- 
mained on 
the  ice. 

Quantity 
of  ice 

In  the  be- 
ginning of 
the  Exp. 

At  the 
end  of 
the  Exp. 

the  air. 

melted. 

No.  34 

1880 

1790 

4«° 

Minutes. 

3° 

Grains. 

63  + 

No.  35  ~ 

189° 

1800 

41  ° 

30 

747 

No.  36 

190°  * 

147° 

4'° 

1 80 

3963 

No.  37 

4*  ° 

3*° 

4»° 

3° 

592* 

No.  38 

4'° 

43° 

61 0 

3° 

676* 

No.  39 

1860 

157° 

6i° 

3° 

- 5 59 

No.  40 

1 88° 

156° 

6 1° 

3° 

575 

No.  41 

190° 

156° 

61 0 

3° 

542 

No.  42 

4i° 

43° 

61 0 

3° 

573 

No.  43 

42  0 

44° 

6l 

- O 

3° 

575 

1 No.  44 

420 

35° 

61 

120 

/ 215 1 

The  refults  of  thefe  Experiments  afford  matter  for 
much  curious  fpeculation,  but  I fhall  content  myfelf 
for  the  prefent  with  making  only  two  or  three  obferv- 
ations  refpedling  them.  And  in  the  firft  place,  it 
is  remarkable,  that  although  in  the  Experiments 
No.  34  and  No.  35,  of  30  minutes  each,  confider- 
ably  lefs  ice  was  melted  than  in  that  No.  2 6,  which 
lafled  the  fame  time;  yet,  in  that  No.  36,  of  180 
minutes,  more  was  melted  than  in  that  No.  27,  of 
the  fame  duration.  This  difference  in  the  two 
laft-mentioned  Experiments  will  be  accounted  for 
hereafter. 

With  regard  to  the  difference  in  the  refults  of 
the  Experiments  of  30  minutes,  there  is  no  doubt 
but  that  it  arofe  from  the  precautions  which  had 

• been 
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been  taken  in  this  laft  fet  of  Experiments  to  prevent 
the  effect  of  the  violent  motions  into  which  the  hot 
water  was  thrown  in  being  poured  into  the  jar, 
that  lefs  ice  was  melted  in  the  Experiments  No.  34 
and  No.  35,  than  in  that  No.  26. 

It  appears  that  more  ice  was  melted  in  the  fame 
rime,  in  the  Experiments  in  which  the  jar  was 
covered  up  with  warm  covering,  than  in  thofe 
in  which  it  was  left  naked  and  expofed  to  the 
air  of  the  room.  The  difference  is  even  con- 
fiderable.  The  quantity  melted  in  30  minutes 
when  the  jar  was  covered,  at  a mean  of  two 
Experiments,  (No.  34  and  No.  35,)  was  690 f 
grains j — but  when  the  jar  was  naked,  the  quan-"" 
tity  at  a mean  of  three  Experiments  (No.  39, 
No.  40,  and  No.  41)  was  only  558^  grains. 

The  quantity  of  ice  melted  under  fimilar  circum- 
ftances, — that  is  to  fay,  when  the  jar  was  naked, — 
•was  ferfibly  greater  when  the  water  was  at  the 
temperature  of  about  410,  than  1 when  it  was  nearly 
boiling  hot.  In  the  Experiment  No.  41,  when  the 
water  which  was  poured  on  the  ice  was  at  the  tem- 
perature of  190  deg.  542  grains  only  of  ice  were 
melted  in  30  minutes ; whereas,  in  the  next  Expe- 
riment, (No.  42,)  when  the  water  was  at  410, 
or  149  degrees  colder,  573  grains  were  melted  in 
the  fame  time. 

Finding  that  covering  up  the  jar  with  a thick  and 
warm  covering  of  cotton  caufed  more  ice  to  be 
melted  by  the  hot  water,  I was  curious  to  fee  what 
effects  would  be  produced  by  keeping  the  jar 

plunged 
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plunged  quite  up  to  its  brim  in  a mixture  of  fnow 
and  water,  inftead  of  merely  furrounding  that  part 
of  if  which  was  occupied  by  the  cake  of  ice  by  this 
cold  mixture. 

I was  likewife  defirous  of  finding  out, — and  if 
poflible  at  the  fame  time, — whether  water  at  a 
temperature  fomething  above  that  at  which  that 
Fluid  ceales  to  be  condenfed  with  cold,  would  not 
melt  more  ice  in  any  given  time  than  an  equal 
quantity  of  that  Fluid,  either  colder  or  much  hotter. 
The  refulr  of  the  43d  Experiment  had  fhewn  me, 
— what  indeed  a very  fimple  computation  would 
have  pointed  out, — namely,  that  when  the  tempe- 
rature of  the  water  is  but  a few  degrees  above  the 
point  of  freezing,  if  its  quantity  or  depth  is  not 
very  confiderable,  it  will  foon  be  fo  much  cooled 
as  very  fenfibly  to  retard  the  procefs  of  melting  the 
ice  : and  with  refpeft  to  hot  water,  the  increafed 
quantity  of  ice  which  was  melted  by  it  when  the  jar 
was  covered  up  with  a warm  covering,  convinced 
me  that  the  real  caufe  which  prevented  the  hot 
water  from  melting  as  much  ice  as  the  cold  water, 
in  my  Experiments,  was,  the  embarralfments  in  the 
procefs  of  melting  the  ice,  which  were  occafioned 
by  the  defcending  currents  formed  in  the  hot  water  on 
its  being  cooled  by  the  air  at  its  furface , and  by 
a contafl;  with  the  fides  of  the  jar. 

Thefe  defcending  currents  meeting  in  the  region 
of  the  conllant  temperature  of  40°  with  thofe 
cold  currents  which  afcended  from  the  furface  of 
the  ice,  it  feeins  very  probable  that  the  afcending 

6 currents. 
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currents, — on  the  motion  of  which  the  melting  of 
ice  depends, — were  checked  by  this  collifion. 

By  retarding  the  cooling  of  the  hot  water  above, 
by  wrapping  up  the  jar  in  a warm  covering,  the 
velocity  of  the  defcending  currents  was  of  courfe 
diminilhed  ? — but  when  this  was  done,  the  refults  of 
the  Experiment  fhowed  that  the  melting  of  the  ice 
was  accelerated. 

When,  the  jar  being  naked,  the  cooling  of  the 
hot  water,  and  confequently  the  motions  of  the 
defcending  currents,  were  rapid,  no  more  than 
about  542  grains,  or  at  moll  575  grains,  were 
melted  in  30  minutes  j but  when  the  jar  wa$ 
covered  with  a warm  covering,  634  grains,  and  in 
one  Experiment  (that  No.  35)  747  grains,  were 
melted  in  the  fame  time. 

As  plunging  the  jar  into  a cold  mixture  of  fnow 
and  water  could  not  fail  to  accelerate  the  cooling  of 
the  hot  water  in  the  jar,  and  confequently  to 
increafe  the  rapidity  of  the  defcending  currents  in 
it,  ought  not  this  to  embarrafs,  in  an  extraordinary 
degree,  the  afcending  currents  of  ice-cold  water 
from  the  furface  of  the  ice,  and  to  diminifh  the 
quantity  of  ice  melted  ? — This  is  what  the  follow- 
ing Experiments,  compared  with  the  refults  of 
thofe  No.  39,  No.  40,  and  No.  41,  will  fhow. 
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Number 
of  the 
Experi- 
ment. 

Temperature  of  the 
water  in  the  jar 

1 inch  below  its 
furface. 

Temperature 
of  the  cold 
mixture  in 
which  the 

Time  the 
water  re- 
mained on 
the  ice. 

Quantity 
of  ice 

In  the  be- 
ginning of 
the  Exp. 

At  the 
end  of 
the  Exp. 

jar  was  kept 
plunged  to 
its  brim. 

melted. 

No.  4; 

1880 

68° 

32° 

Minutes. 

30 

Grains. 

406 

No.  46 

1860 

67° 

32° 

3° 

440 

No.  47 

189° 

68° 

32° 

3° 

432 

No.  48 

187°  ' 

67° 

320 

3° 

355 

No.  49 

1880 

68° 

32° 

30 

364 

Quantity  of  ice  melted  in  thefe  5 Experiments, 

Mean  quantity  melted  by  hot  <water  when  the  jar  was 
kept  plunged  to  its  brim  in  melting  ice  and  water. 
Mean  quantity  melted  by  hot  water  in  30  minutes,  in 
the  two  Experiments,  No.  26  and  No.  27,  when  the 
part  of  the  jar  occupied  by  the  water  was  furrounded 
by  air,  at  the  temperature  of  41°, 

Mean  quantity  melted  by  hot  water  in  30  minutes,  in 
the  three  Experiments,  No.  39,  No.  40,  and  Nc,  4 1, 
when  the  part  of  the  jar  occupied  by  the  water  was 
j furrounded  by  air,  at  the  temperature  of  6i°, 

'Mean  quantity  melted  by  hot  water  in  30  minutes,  in 
the  two  Experiments,  No.  34  and  No.  3;,  when  the 
partof  the  jar  occupied  by  the  water  was  kept  covered 
up  bv  a thick  and  warm  covering  of  cotton. 


1 997 

Grains. 

399 1 

456 

553? 

6904 


As  all  the  Experiments  were  made  in  the  fame 
manner,  and  with  equal  care,  and  differed  only  in 
relpect  to  the  manner  in  which  the  outfide  of  the 
jar,  above  the  furface  of  the  ice  in  it,  was  covered, 
their  refults  fhow  the  effe&s  produced  by  thofe 
differences. 
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I fhould  perhaps  have  fufpedted  that  the  greater 
quantity  of  ice  which  was  melted  when,  the  heat  of 
the  water  in  the  jar  was  confined  for  the  longed 
time  had  been  occafioned,  at  lead  in  part,  by  the 
Heat  communicated  downwards  by  the  medium  of 
the  glafs ; but  that  this  could  not  have  been  the 
cafe  was  evident,  not  only  from  the  manner  in 
which  the  ice  was  always  found  to  have  been 
melted,  but  alfo  from  the  refults  of  fimilar  Experi- 
ments made  with  much  colder  water. 

Had  it  been  melted  by  Heat  communicated  by 
the  glafs,  it  would  undoubtedly  have  been  mod 
melted  in  thofe  parts  of  its  furface  where  it  was  in 
contaft  with  the  glafs,  but  this  I never  once  found 
to  be  the  cafe. 

The  refults  of  the  following  Experiments  will 
fhow, — what  indeed  might  eafily  have  been  fore- 
feen, — that  the  temperature  of  the  medium  by 
which  the  upper  part  of  the  jar  was  furrounded 
did  not  always  affedt  the  refult  of  the  Experiment 
in  the  fame  degree, — nor  even  always  in  the  fame 
manner , — in  different  Experiments  in  which  the 
temperature  of  the  water  in  the  jar  was  very 
different. 

To  facilitate  the  comparifon  of  thefe  Experi- 
ments, and  that  of  the  foregoing,  which  are  fimilar 
to  them,  I (hall  here  place  them  together. 
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Number 
of  the 
Experi- 
ment. 

Temperature  of  the 
water  in  the  jar, 

1 inch  below  its 
furface. 

Tempera- 
ture of  the 
medium  by 
which  the 
upper  part 
of  the  jar 
was  fur- 
rounded. 

Time  the 
water  re- 
mained on 
the  ice. 

Quantity 
of  ice 
melted. 

In  the  be- 
ginning of 
the  Exp. 

At  the 
end  of 
the  Exp. 

• 

Grains. 

Minutes. 

No.  50 

4*° 

36° 

32° 

3° 

542 

No.  37 

4«° 

38° 

4i° 

30 

592 

No.  42 

at 0 

43° 

61 0 

3° 

576 

It  is  certainly  very  remarkable  indeed  that  fo 
much  more  ice  Ihould  be  melted  by  water  at  the 
temperature  of  410,  when  the  jar  which  contained 
it  was  furrounded  by  a cold  mixture  of  pounded  ice 
and  water,  than  by  an  equal  quantity  of  boiling- 
hot  water  in  the  fame  circumftances.  In  the  Expe- 
riment No.  50,  the  quantity  melted  by  the  cold 
water  was  542  grains,  while  that  melted  by  the 
boiling-hot  water,  taking  the  mean  of  five  Experi- 
ments, (thofe  No.  45,  46,  47,  48,  and  49,)  was 
no  more  than  399^-  grains.  But  the  refults  of  the 
four  following  Experiments  are,  if  poflible.  Hill 
more  furprifing. 

Thefe  Experiments  were  made  with  water  at  the 
temperature  ot  6 1°,  the  temperature  of  the  air  of 
the  room  being  at  the  fame  time  6i°;  in  the  two 
firfl  of  thefe  Experiments  the  jar  was  kept  plunged 
to  its  brim  in  a mixture  of  fnow  and  water,— in 
the  two  laft  its  lower  part  only,  — namely,  as  high  as 
the  level  of  the  furface  of  the  ice, — was  furrounded 
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"by  this  cold  mixture  ; its  upper  part  being  naked, 
and  furrounded  by  the  air  of  the  room. 

In  each  of  the  Experiments,  (as  in  thofe  which 
preceded  them,)  .before  the  water  was  poured  into 
the  jar,  the  furface  of  the  ice  was  covered  to  the 
height  of  0.956  of  an  inch  with  ice-cold  water,  in 
order  more  effectually  to  defend  it  againft  the 
effe&s  of  the  temporary  motions  into  which  the 
water  employed  to  melt  the  ice  was  unavoidably 
thrown  in  the  performance  of  this  operation  ; and 
the  fame  quantity  of  water  was  always  ufed  in  the 
different  Experiments,  namely,  73I  ounces  Troy  ; 
or  as  much  as  was  fufficient  to  fill  the  jar  to  the 
height  of  8 inches. 


Number 
of  the 
Experi- 
ment. 

Temperature  of  tne 
water  in  the'  jar 

I inch  below  its 
furface. 

Tempera- 
ture of  the 
medium 
by  which 
the  upper 
partof  the 
jarwasfur- 
rounded. 

Time  the 
water  re- 
mained on 
the  ice. 

Quantity 
of  ice 
melted. 

In  the  be- 
ginning of 
the  Exp. 

At  the 
end  of 
the  Exp. 

Minutes. 

Grains. 

No.  5 1 

61° 

49° 

32° 

3° 

660 

No.  52 

6 1 0 

5°° 

32° 

3° 

662 

No.  53 

6i° 

60  0 

61 0 

3° 

642 

No.  54 

61  0 

6o° 

6i° 

y> 

65O 

Thefe  Experiments  are  remarkable,  not  only  on 
account  of  the  very  fmall  difference  in  the  quan- 
tities of  ice  melted,  which  refulted  from  the  cooling 
of  the  Tides  of  the  jar,  but  alfo,  and  more  efpecially, 
as  that  difference  was  dire&ly  contrary  to  the 
effects  produced  by  the  fame  means  in  the  Experi- 
ments with  hot  water.  More  ice  was  melted  when 
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the  outfide  of  the  jar  was  kept  ice-cold,  than  when 
it  was  furrounded  by  air  at  the  temperature  of  61  . 

All  thefe  appearances  might,  I think,  be  accounted 
for  in  a fatisfadory  manner,  on  the  principles  we 
have  afiumed  refpeding  the  manner  in  which  Heat 
is.  propagated  in  liquids ; but  without  engaging 
ourfelves  at  prefent  too  far  in  thefe  abftrufe  fpecu- 
lations,  let  us  take  a retrofpedive  view  of  all  our 
Experiments,  and  fee  what  general  refults  may  with 
certainty  be  drawn  from  them. 

One  of  the  Experiments  in  which  the  greateft 
quantity  of  ice  was  melted  by  hot  water  is  that 
No.  36,  in  which  3963  grains  were  melted  in  three 
hours,  or  180  minutes.  If  now  from  this  quantity 
we  dedud  that  which,  according  to  the  refults  ot 
the  two  preceding  Experiments,  mu  ft  have  been 
melted  in  the  firft  30  minutes,  namely,  6904-  grains, 
there  will  remain  32724  grains  for  the  quantity 
melted  in  the  laft  150  minutes,  which  gives  654! 
grains  for  the  quantity  melted  in  30  minutes  in 
the  ordinary  courfe  of  the  Experiment . 

This  quantity,  654I  grains,  deduded  from  tha't 
which  at  a mean  of  two  Experiments  (thofe  No.  34 
and  No.  35)  was  found  to  be  adually  niched  in  30 
minutes,  namely,  6904  grains,  leaves  36  grains  for 
the  quantity  which  in  thefe  two  Experiments  was 
melted  in  confequence  of  the  temporary  motions 
into  which  the  hot  water  was  thrown  in  the  opera- 
tion of  pouring  it  into  the  jar.  The  difference 
between  thefe  two  quantities  (=36  grains)  is  very 
inconfiderable,  and  (hows  that  the  means  ufed  for 
vol.  11.  u diminifbine 
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diminifhing  the  effects  produced  by  thofe  motions 
had  been  very  efficacious. 

As  the  refults  of  the  three  Experiments  No.  34, 
No.  35,  and  No.  36,  were  exceedingly  regular 
and  fatisfaclory, — as  the  Heat  of  the  water  appears 
to  have  been  fo  completely  confined  by  the  warm 
covering  which  furrounded  the  jar,  and  as  the 
procefs  of  melting  the  ice  went  on  regularly  or 
equally  for  fo  great  a length  of  time  (three  hours) 
in  the  36th  Experiment,  we  may  venture  to  con- 
clude that  more  ice  could  not  poffibly  have  been 
tnelted  by  boiling-hot  water  —Jianding  on  it — than 
was  melted  in  thefe  Experiments. 

This  quantity  was  found  to  be  at  the  rate  of 
65 4f  grains  in  30  minutes. 

But  as  in  thefe  three  Experiments  extraordinary 
means  were  ufed,  by  which  an  uncommonly  large 
quantity  of  ice  was  melted,  they  cannot  be  con- 
fidered  as  fimilar  to  thofe  which  were  made  with 
cold  water,  and  confequently  cannot  with  propriety 
be  compared  with  them. 

When  the  Experiments  were  fimilar,  the  mean 
refults  of  thofe  which  were  made  with  water  at 
different  temperatures  were  as  follows  : 
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In  the  Experiments  in 
which  the  part  of  the  jar 
which  was  occupied  by  . 
the  water  was  expofed^ 
uncovered  to  the  air  at 
the  temperature  of  6iu 


vaterl 
• 39>  Y 


In  the  Experiments  in 
which  the  part  of  the  jar 
which  was  occupied  by 
the  water  was  furround- 


ed  by  pounded  ice  and  , 
water,  and  confequently 
was  at  the  temperature 
of  3 2° 


'With  boiling-hot  water 
(Experiments  No 
40,  and  41 ) 

With  water  at  the  tem- 
perature of  6l°  (Ex- 
periments No.  53  and 
No.  54) 

With  water  at  the  tem- 
perature of  41°  (Ex- 
periments No.  42  and 
- No.  43) 

'With  boiling-hot  water, 
(Experiments  No.  45, 
46,  47,  48,  and  49) 
With  water  at 
perature  of  6 
per  intents  No 
No.  52] 

With  water  at  the  tern 
perature  of  41°  ( E. 
perbnent  No.  50) 


Ice 
melted 
in  3° 
minutes, 

Grains. 


558 


646 


574 


399t 


661 


542 


From  the  refults  of  all  thefe  Experiments  we 
may  certainly  venture  to  conclude,  that  boiling-hot 
water  is  not  capable  of  melting  more  ice  when 
Jlanding  on  its  furface , than  an  equal  quantity  of 
water  at  the  temperature  of  410,  or  when  it  is  only 
nine  degrees  above  the  temperature  of  freezing  ! 

This  fatt  will,  I flatter  myfelf,  be  confidered 
as  affording  the  molt  unqueflionable  proof  that 
could  well  be  imagined,  that  water  is  a perfect  non - 
conductor  of  Heat , and  that  Heat  is  propagated  in 
it  only  in  confequence  of  the  motions  which  the 
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Heat  occafions  in  the  infulated  and  folitary  particles 
of  that  fluid*. 

The  difcovery  of  this  fad  opens  to  our  view  one 
of  the  mod  inrerefting  fcenes  in  the  economy  of 
Nature  : — but  in  order  to  prepare  our  minds  for 
the  contemplation  of  it,  it  will  be  not  amifs  to  re- 
frefh  our  memory  by  recapitulating  what  has  al- 
ready been  faid  on  the  Propagation  of  Heat  in 
Fluids,  and  particularly  in  water  ; and  adding  fuch 
occafional  obfervations  as  may  tend  to  elucidate 
that  abftrufe  fubjed. 

Thofe  who  enter  into  the  fpirit  of  thefe  invefti- 
gations  will  not  confider  thefe  repetitions  and  illus- 
trations as  either  fuperfluous  or  tirefome. 

* The  infight  which  this  difcovery  gives  us  in  regard  to  the  nature 
of  the  mechanical  piocefs  which  takes  place  in  chemical  folutions  is 
too  evident  to  require  illuftration  ; — and  it  appears  to  me  that  it  will 
enable  us  to  account  in  a fatisfa&orily  manner  for  all  the  various 
phscnomena  of  chemical  affinities  and  vegetation.  Perhaps  all  the 
motions  among  inanimate  bodies  on  the  furface  of  the  globe  may  be 
traced  to  th’e  fame  caufe, — namely,  to  the  non-condufling  power  of 
Fluids  with  regard  to  Heat. 


in  Fluids . 


2S1 


CHAP.  III. 

Recapitulation , and  farther  bivejligation  of  the  Sub- 
ject.— All  Bodies  are  condenfed  by  Cold without 
Limitation , Water  only  excepted. — Won- 
derful Ejfeds  produced  in  the  World  in  co?ifequence 
of  the  particular  Law  which  obtains  in  the  Con- 
denfation  of  Water. — This  Exception  to  o?ie  of  the 
mofl  general  Laws  of  Nature  is  a Jlriking  Proof  of 
Contrivance  in  the  Arrangement  of  the 
Univerfe;  a Proof  which  comes  home  to  the  Feel - 
ings  of  every  ingenuous  and  grateful  Mind.— -This 
particular  Law  does  not  obtain  in  the  Condenfaiion 
of  Salt-Water. — Final  Caufe  of  the  Saltnefs  of 
the  Sea.— The  Ocean  probably  defigned  by  the 
Creator  to  ferve  as  an  Equalizer  of  Heat — Could 
not  have  anfwered  that  Purpofe  had  its  Waters 
been  frefh. — Final  caufes  of  the  Frejhnefs  of  Lakes 
and  inland  Seas  .in  high  Latitudes. — Ufefidnefs  of 
thefe  Speculations. 

As  the  immediate  caufe  of  the  motions  in  a liquid, 
which  take  place  on  its  undergoing  a change 
of  temperature,  is  evidently  the  change  in  the 
fpecific  gravity  of  thofe  particles  of  the  liquid 
which  become  either  hotter  or  colder  than  the  reft 
of  the  mafs ; and  as  the  fpecific  gravities  of  fome 
liquids  are  much  more  changed  by  any  given 
change  of  temperature  than  that  of  others,  ought 
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not  this  circumftance  (independent  of  the  more  or 
lefs  perfect  fluidity  of  the  liquid)  to  make  a fenfible 
difference  in  the  conducing  power  of  liquids  ? 

The  more  a liquid  is  expanded  by  any  given 
change  of  temperature,  the  more  rapid  will  be  the 
afcent  of  the  particles  which  firft  receive  the  Heat ; 
and  as  thefe  are  immediately  replaced  by  other 
colder  particles,  which,  in  their  turns,  come  to 
be  heated,  this  muff  of  courfe  produce  a rapid 
communication  of  Heat  from  the  hot  body  to  the 
liquid. 

But  when,  on  the  other  hand,  the  fpecific  gravity 
of  a liquid  is  but  little  changed  by  any  given  change 
of  temperature,  the  motions  among  the  particles  of 
the  liquid  occafioned  by  this  change  mud  be  very 
fluggifh,  and  the  communication  of  Heat  of  courfe 
very  flow. 

Let  us  flop  here,  for  one  moment,  juft  to  afk 
ourfelves  a very  interefting  queftion.  Suppofe  that 
in  the  general  arrangement  of  things  it  had  been 
neceffary  to  contrive  matters  fo  that  water  fhould 
not  freeze  in  winter, — or  that  it  fhould  not  freeze 
but  with  the  great  eft  difficulty ; — very  flowly  ; and 
in  the  fmalleji  quantity  pojfible; — How  could  this 
have  been  moft  readily  effected  ? — 

Thofe  who  are  acquainted  with  the  law  of  the 
condenfation  of  Water  on  parting  with  its  Heat 
have  already  anticipated  me  in  thefe  fpeculations  j 
and  it  does  not  appear  to  me  that  there  is  any 
thing  which  human  fagacity  can  fathom,  within 
the  wide-extended  bounds  of  the  vifible  creation, 
which  affords  a more  ftriking,  or  more  palpable 
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proof  of  the  wifdom  of  the  Creator,  and  of  the 
fpecial  care  he  has  taken  in  the  general  arrange- 
ment of  the  univerfe  to  preferve  animal  life,  than 
this  wonderful  contrivance: — for  though  the 
extenfivenefs  and  immutability  of  the  general 
laws  of  Nature  imprefs  our  minds  with  awe  and 
reverence  for  the  Creator  of  the  univerfe,  yet, 
exceptions  to  thofe  laws , or  particular  modifications 
of  them,  from  which  we  are  able  to  trace  effects 
evidently  falatary , or  advantageous  to  ourfelves 
and  our  fellow-creatures,  afford  flill  more  flriking 
proofs  of  contrivance , and  ought  certainly  to 
awaken  in  us  the  moft  lively  fentiments  of  admira- 
tion, love,  and  gratitude. 

Though,  in  temperatures  above  blood-heat,  the 
expanfion  of  water  with  Heat  is  very  confiderable, 
yet,  in  the  neighbourhood  of  the  freezing  point  it  is 
almoft  nothing.  And  what  is  flill  more  remarkable, 
—-as  it  is  an  exception  to  one  of  the  moft  general 
laws  of  Nature  with  which  we  are  acquainted, — 
when,  in  cooling,  it  comes  within  eight  or  nine  de- 
grees of  Fahrenheit’s  fcale  of  the  freezing  point, 
inftead  of  going  on  to  be  farther  condenfed  as  it 
lofes  more  of  its  Heat,  it  aflually  expands , as  it 
grows  colder,  and  continues  to  expand  more  and 
more,  as  it  is  more  cooled. 

If  the  whole  amount  of  the  condenfation  of 
any  given  quantity  of  boiling-hot  water,  on  being 
cooled  to  the  point  of  freezing,  be  divided  into  any 
given  number  of  equal  parts,  the  condenfations 
correfponding  to  equal  changes  of  temperature  will 
be  very  unequal  in  different  temperatures. 
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In  cooling  22  \ degrees  of  Fahrenheit’s  fcale, 
(or  one-eighth  part  of  the  interval  between  the 
boiling  and  the  freezing  points,)  the  condenfation 
will  be, 

Condenfation. 

In  cooling  2z|°  viz,  from  2120  to  l8g^°  - 18  parts 

189^°  — 167°  - 16.2 

167°  — 1444°  * *3*8 

144^°  — izz°  - u.5 

*22°  — 99I0  - 9.3 

99f°  ~ 77°  - 7'1 

77°  -r  54^°  * 3-9 

54l°  — 32°  - o.z 

Hence  it  appears  that  the  condenfation  of  water, 
or  increafe  of  its  fpecific  gravity  in  being  cooled 
22 1 degrees  of  Fahrenheit’s  fcale,  is  at  leafl:  ninety 
times  greater  when  the  water  is  boiling-hot,  than 
when  it  is  at  the  mean  temperature  of  the  at- 
mofphere  in  England  (54P),  or  within  22  £ degrees 
of  freezing— -(for  18  is  to  0.2  as  90  to  1). 

All  liquids,  it  is  true,  in  cooling,  are  more  con- 
denfed  by  any  given  change  of  temperature  when 
they  are  very  hot,  than  when  they  are  colder  ; but 
thefe  differences  are  nothing  compared  to  thofe  we 
obferve  in  water. 

The  ratio  of  the  condenfation  in  cooling  from 
2120  to  189!°  to  that  in  cooling  from  54I0  to  320 
in  each  of  the  under-mentioned  fluids,  has  been 
fhown,  by  the  Experiments  of  M.  de  Luc,  to  be 
as  follow's : 

1 . t 

Olive  oil  as  to  1 

Strong  fpirits  of  wine  - as  i~.9c  t0  1 
A faturated  folution  of  fea-  7 , , 

fait  in  water  - j T 

Pure  vvater  - - as  90  to  1 

The 
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The  difference  between  the  laws  of  the  con* 
denfation  of  pure  water , and  of  the  fame  fluid  when 
it  holds  in  folution  a portion  of  fait,  is  ftriking ; 
but  when  we  trace  the  effetls  which  are  produced 
in  the  world  by  that  arrangement,  we  fhall  be  loft 
in  wonder  and  admiration. 

Let  me  beg  the  attention  of  my  reader  while  I 
endeavour  to  inveftigate  this  moft  interefting  fub- 
iedt,  and  let  me  at  the  fame  time  befpeak  hi? 
candour  and  indulgence.  I feel  the  danger  to 
which  a mortal  expofes  himfelf  who  has  the 
temerity  to  undertake  to  explain  the  defigns  of 
Infinite  Wifdom. — The  enterprife  is  adventurous, 
but  it  cannot  furely  be  improper. 

The  wonderful  fimplicity  of  the  means  employed 
by  the  Creator  of  the  world  to  produce  the  changes 
of  the  feafons,  with  all  the  innumerable  advantages 
to  the  inhabitants  of  the  earth,  which  flow  from 
them,  cannot  fail  to  make  a very  deep  and  a 
lading  impreffton  on  every  human  being  whofe 
mind  is  not  degraded,  and  quite  callous  to  every 
ingenuous  and  noble  fentiment : but  the  farther 
we  purfue  cur  inquiries  refpefling  the  conftitution 
of  the  univerfe,  and  the  more  attentively  we  exa- 
mine the  effects  produced  by  the  various  modifi- 
cations of  the  a&ive  powers  which  we  perceive, 
the  more  we  fhall  be  difpofed  to  admire,  adore, 
and  love  that  great  Firft  Caufe  which  brought  all 
things  into  exiftence. 

Though  winter  and  fummer,  fpring  and  au- 
tumn, and  all  the  variety  of  the  feafons,  are  pro- 
duced in  a manner  at  the  fame  time  the  moft 
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fimple  and  the  moft  ftupendous  (by  the  inclina- 
tion of  the  axis  of  the  earth  to  the  plane  of  the 
ecliptic) ; yet  this  mechanical  contrivance  alone 
would  not  have  been  fufficient  (as  I (hall  endeavour 
to  fhow)  to  produce  that  gradual  change  of  tempe- 
rature in  the  various  climates  which  we  find  to 
exift,  and  which  doubtlefs  is  indifpenfably  ne- 
ceffary to  the  prefervation  of  animal  and  vegetable 
life. 

Though  change  of  temperature  feems  neceffary 
to  the  growth  and  perfedlion  of  mod  vegetables, 
yet  thefe  changes  mud  be  within  certain  limits. 
Some  plants  can  fupport  greater  changes  of  tempe- 
rature than  others,  but  the  extremes  of  Heat  and  of 
Cold  are  alike  fatal  to  all. 

As  the  rays  of  the  fun  are  the  immediate  caufe 
of  the  Heat  on  the  furface  of  the  globe,  and  as 
the  length  of  the  days  in  high  latitudes  is  fo  very 
different  in  fummer  and  in  winter,  it  is  evident 
that,  in  order  to  render  thofe  regions  habitable, 
fome  contrivance  was  neceffary  to  prevent  the 
confequences  which  this  great  inequality  of  the 
Heat  generated  by  the  fun  in  fummer  and  in  winter 
would  naturally  tend  to  produce ; or,  in  other 
words,  to  equalize  the  Heat , and  moderate  its 
extremes  in  thefe  two  feafons. 

Let  us  fee  how  far  Water  is  concerned  in  this 
operation,  and  then  let  us  examine  how  far 
the  remarkable  law  which  has  been  found  to  ob- 
tain in  its  condenfation  by  cold,  tends  to  ren- 
der it  well  adapted  to  anfwer  that  mofl  important 
purpofe. 

The 
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The  vaft  extent  of  the  ocean,  and  its  great 
depth, — but  (till  more  its  numerous  currents,  and 
the  power  of  water  to  abforb  a vaft  quantity  of 
Heat,  render  it  peculiarly  well  adapted  to  ferve  as 
an  equalizer  of  Heat. 

On  the  retreat  of  the  fun  after  the  folftice,  it  is 
clofely  followed  by  the  cold  winds  from  the  regions 
of  eternal  froft,  which  are  continually  endeavour- 
ing to  prefs  in  towards  the  equator.  As  tho 
power  of  the  fun  to  warm  the  furface  of  the  earth 
and  the  air  diminifhes  very  faft  in  high  latitudes 
on  the  days  growing  fhorter,  it  foon  becomes  too 
weak  to  keep  back  the  denfe  atmofphere  which 
preffes  on  from  the  polar  regions,  and  the  cold 
increafes  very  faft. 

There  is,  however,  a circumftance  by  which  thefe 
rapid  advances  of  winter  are  in  fome  meafure  mo- 
derated. The  earth,  but  more  efpecially  the  water, 
having  imbibed  a vaft  quantity  of  Heat  during  the 
long  fummer  days,  while  they  received  the  influ- 
ence of  the  fun’s  vivifying  beams  ; .this  Heat,  being 
given  off  to  the  cold  air  which  rufhes  in  from  the 
polar  region,  ferves  to  warm  it  and  foften  it,  and 
confequently  to  diminifh  the  impetuofity  of  its 
motion,  and  take  off  the  keennefs  of  its  blaft. 
But  as  the  cold  air  ftill  continues  to  flow  in  as  the 
fun  retires,  the  accumulated  Heat  of  fummer  is  foon 
exhaufted ; and  all  folid  and  fluid  bodies  are 
reduced  to  the  temperature  of  freezing  water.  In 
this  ftage  the  cold  in  the  atmofphere  increafes  very 
faft,  and  would  probably  increafe  ftill  fafter,  were 
it  not  for  the  vaft  quantity  of  Heat  which  is  com- 
municated 
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municated  to  the  air  by  the  watery  vapours,  which 
are  fil'd  condenfed,  and  then  congealed,  in  the 
atmofphere,  and  which  afterwards  fall  upon  the 
earth  in  the  form  of  fnow  ; and  by  that  ftill  larger 
quantity  which  is  given  off  by  the  water  in  the  rivers 
and  lakes,  and  in  the  ground,  upon  its  being  frozen.. 

But  in  very  cold  countries,  the  ground  is  frozen 
and  covered  with  fnow,  and  all  the  lakes  and  rivers 
are  frozen  over  in  the  very  beginning  of  winter. 
The  cold  then  firft  begins  to  be  extreme,  and  there 
appears  to  be  no  fource  of  Heat  left,  which  is  fuf- 
ficient  to  moderate  it  in  any  fenfible  degree. 

Let  us  fee  what  mud  have  happened  if  things 
had  been  left  to  what  might  be  cabled  their  natural 
courfe ; — if  the  condenfation  of  water  on  being 
deprived  of  its  Heat  had  followed  the  law  which 
we  find  obtains  in  other  fluids,  and  even  in  water 
itfelf  in  fome  cafes ; namely,  when  it  is  mixed 
with  certain  bodies. 

Had  not  Providence  interfered  on  this  occafion 
in  a manner  which  may  well  be  confidered  as  mi- 
raculous ^ — all  the  frelh  water  within  the  polar 
circle  mud  inevitably  have  been  frozen  to  a very 
great  depth  in  one  winter,  and  every  plant  and 
tree  deftroyed  ; and  it  is  more  than  probable,  that 
the  regions  of  eternal  froft  would  have  fpread  on 
every  fide  from  the  poles,  and,  advancing  towards 
the  equator,  would  have  extended  its  dreary  and  foli- 
tary  reign  over  a great  part  of  what  are  now  the  molt 
fertile  and  mofl  inhabited  climates  of  the  world  i 
In  latitudes  where  now  the  return  of  fpring  is 
failed  by  the  voice  of  gladnefs, — where  the  earth 
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decks  herfelf  in  her  gay  eft  attire  ; and  millions  of 
living  beings  pour  forth  their  fongs  of  joy  and 
gladnefs,  nothing  would  have  been  heard  but  the 
whiftling  of  the  rude  winds, — and  nothing  feen 
but  ice  and  fnow,  and  flying  clouds  charged  with 
wintry  tempefts. 

Let  us,  with  becoming  diffidence  and  awe,  en- 
deavour to  fee  what  the  means  are  which  have 
been  employed  by  an  almighty  and  benevolent 
God  to  protect  his  fair  creation. 

As  nourifhment,  and  life,  are  conveyed  to  all 
living  creatures  through  the  medium  of  water  ; 
— liquid,  — living  water; — to  preferve  life,  it  was 
abfolutely  neceflary  to  preferve  a great  quantity  of 
water  in  a fluid  ftate,  in  winter  as  ■well  as  in 
fu  miner. 

But  in  cold  climates  the  temperature  of  the 
atmofphere,  during  many  months  in  the  year,  is  fo 
much  below  the  freezing  point,  that,  had  not  mea- 
fures  been  taken  to  prevent  fo  fatal  an  accident,  all 
the  water  muft  inevitably  have  been  changed  to  ice, 
which  would  infallibly  have  caufed  the  deftrutlion 
of  every  living  thing* 

Extraordinary  meafures  were  therefore  neceflary 
for  preferving  in  a liquid  ftate  as  much  of  the  water 
exifting  in  thofe  climates  as  is  indel’penfably  neceflary 
for  the  prefervation  of  vegetable  and  animal  life  5- 
and  this  could  only  be  done  by  contriving  matters 
fo  as  to  prevent  this  water  from  parting  with  its 
Heat  to  the  cold  atmofphere. 

It  has  been  fliown, — I believe  1 may  venture  to 
fay,  -proved, — in  the  moll  fatisfa&or.y  manner, — 
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that  liquids  part  with  their  Heat  only  in  con- 
fequence  of  their  internal  motions  ; — and  that 
the  more  rapid  thefe  motions  are,  the  more  rapid 
is  the  communication  of  the  Heat;— that  thefe 
motions  are  produced  by  the  change  in  the 
fpecific  gravity  of  the  liquid,  occafioned  by  the 
change  of  temperature, — and  of  courfe  that  they 
are  more  rapid,  as  the  fpecific  gravity  of  the 
liquid  is  the  more  changed  by  any  given  change 
of  temperature. 

But  it  has  been  fhown  that  the  change  in  the 
fpecific  gravity  of  water  is  extremely  fmall,  which 
takes  place  in  any  given  change  of  temperature, 
below  the  mean  temperature  of  the  atmofphere  ; and 
particularly  when  the  temperature  of  the  water  is 
very  near  the  freezing  point ; and  hence  it  follows, 
that  water  muff  give  off  its  Heat  very  flowly  when 
it  is  near  freezing. 

But  this  is  not  all.  There  is  a ftill  more  extra* 
ordinary,  and  in  its  confequences  more  wonderful, 
circumftance  which  remains  to  be  noticed.  When 
water  is  cooled  to  within  eight  or  nine  degrees  of 
the  freezing  point,  it  not  only  ceafes  to  be  farther 
condenfed,  but  is  actually  expanded  by  farther 
diminutions  of  its  Heat  ; and  this  expanfion  goes 
on  as  the  Heat  is  diminifhed,  as  long  as  the  water 
can  be  kept  fluid  ; and  when  it  is  changed  to  ice, 
it  expands  even  ftill  more,  and  the  ice  floats  on  the 
furface  of  the  uncongealed  part  of  the  Fluid. 

Let  us  fee  how  very  powerfully  this  wonderful 
contrivance  tends  to  retard  the  cooling  of  water 
when  it  is  expofed  in  a cold  atmofphere. 

It 
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It  is  well  known  that  there  is  no  communication 
of  Heat  between  two  bodies  as  long  as  they  are 
both  at  the  fame  temperature  ; and  it  is  like  wife 
known  that  the  tendency  of  Heat  to  pafs  from  a 
hot  body  into  one  which  is  colder,  with  which  it  is 
in  contact,  is  greater,  as  the  difference  is  greater  in 
the  temperatures  of  the  two  bodies. 

Suppofenow  that  a mafs  of  very  cold  air  repofes 
on  the  quiet  furface  of  a large  lake  of  frefh  water, 
at  the  temperature  of  55°  of  Fahrenheit’s  ther- 
mometer. The  particles  of  water  at  the  furface, 
on  giving  off  a part  of  their  Heat  to  the  cold  air 
with  which  they  are  in  contact,  and  in  confequence 
of  this  lofs  of  Heat  becoming  fpecificaily  heavier 
than  thofc  hotter  particles  on  which  they  repofe, 
muff  of  courfe  defcend.  This  defcent  of  the  parti- 
cles which  have  been  cooled  neceffarily  forces  other 
hotter  particles  to  the  furface,  and  thefe  being 
cooled  in  their  turns  bend  their  courfe  downwards  ; 
and  the  whole  mafs  of  water  is  put  into  motion, 
and  continues  in  motion  as  long  as  the  procefs  of 
cooling  goes  on. 

Before  I proceed  to  trace  this  operation  through 
all  its  various  ftages,  I muff  endeavour  to  remove 
an  objettion  which  may  perhaps  be  made  to  my 
explanation  of  this  phenomenon.  As  I have  fup- 
pofed  the  mafs  of  air  which  reds  on  the  furface  of 
the  water  to  be  very  cold , and  as  I have  taken  it 
for  granted  that  there  is  no  communication  what- 
ever of  Heat  betweefi  the  particles  of  w'ater  in 
contact:  with  this  very  cold  air,  and  the  neighbour, 
ing  warmer  particles  of  water,  it  may  be  afked, 
9 howf 
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how  it  happens  that  thefe  particles  at  the  furface  Siri 
not  fo  much  cooled  as  to  be  immediately  changed 
to  ice  ? To  this  I anfwer,  that  there  are  two  caufes 
which  confpire  to  prevent  the  immediate  formation 
of  ice  at  the  furface  of  the  water : Firfl,  the  fpe- 
cific  gravity  of  the  particle  of  water  at  the  furface 
being  increafed  at  the  fame  moment  when  it  parts 
with  Heat,  it  begins  to  defeend  as  foon  as  it  begins 
to  be  cooled ; and  before  the  air  has  had  time  to 
rob  it  of  all  its  Heat,  it  efcapes  and  gets  out  of  its 
reach  : And  fecondly , air  being  a bad  conductor  of 
Heat,  it  cannot  receive  and  tranfmit  or  tranfport  it 
with  fufficient  celerity  to  cool  the  furface  of  water 
fo  fuddenly  as  to  embarrafs  the  motions  of  the 
particles  of  that  liquid  in  the  operation  of  giving 
it  off. 

But  to  return  to  our  lake  : As  foon  as  the  water 
in  cooling  has  arrived  at  the  temperature  of  about 
40°,  as  at  that  temperature  it  ceafes  to  be  farther 
condenfed,  its  internal  motion  ceafes  ; and  thofe  of 
its  particles  which  happen  to  be  at  its  furface  remain 
there;  and  after  being  cooled  down  to  the  freezing 
point,  they  give  off  their  latent  Heat,  and  ice  begins 
to  be  formed. 

As  foon  as  the  furface  of  the  water  is  covered  with 
ice,  the  communication  of  Heat  from  the  water 
to  the  atmofphere  is  rendered  extremely  flow  and 
difficult  ; for  ice  being  a bad  conductor  of  Heat  forms 
a very  warm  covering  to  the  water, — and  more- 
over it  prevents  the  water  from  being  agitated  by  tire 
wind.  Farther,  as  the  temperature  of  the  ice  at 
its  lower  furface  is  always  very  nearly  the  fame  as 

that 


in  Fluids. 


293 


that  of  the  particles  of  liquid  water  with  which  it  is 
in  contact,  (the  warmer  particles  of  this  Fluid,  in 
confequence  of  their  greater  fpecific  gravity,  taking 
their  places  below,)  the  communication  of  Heat 
between  the  water  and  the  ice  is  neceflarily  very 
flow  on  that  account. 

As  foon  as  the  upper  furface  of  the  ice  is  covered 
with  fnow,  (which  commonly  happens  foon  after 
the  ice  is  formed)  this  is  an  additional,  and  very- 
powerful  obftacle  to  prevent  the  efcape  of  the  Heat 
out  of  the  water  : and  though  the  molt  intenfe 
cold  may  reign  in  the  atmofphere,  the  increafe  of 
the  thicknefs  of  the  ice  will  be  very  flow. 

During  this  time,  the  mafs  of  water  which  re- 
mains unfrozen  will  lofe  no  part  of  its  Heat ; on 
the  contrary,  it  will  continually  be  receiving  Heat 
from  the  ground.  This  Heat,  which  is  accumu- 
lated in  the  earth  during  the  fummer,  will  not  only 
ferve,  in  fome  meafure,  to  replace  that  which  is 
communicated  to  the  atmofphere  through  the  ice, 
and  prevent  its  being  furnifhed  at  the  expence  of 
the  latent  Heat  of  the  water  in  contadl  with  its 
furface,  but,  when  the  temperature  of  the  air  is  not 
much  below  that  of  freezing,  this  fupply  of  Heat 
from  below  will  be  quite  fufficient  to  replace  that 
which  the  air  carries  off ; and  the  thicknefs  of  the 
ice  will  not  increafe. 

Whenever  the  temperature  of  the  air  is  not 
actually  colder  than  freezing  water,  the  Heat  which 
rifes  from  the  bottom  of  the  lake  will  be  all  em- 
ployed in  melting  the  ice  at  its  under  furface,  and 
diminifhing  its  thicknefs. 

vol.  11. 


x 


It 


i 9 4 Of  the  Propagation  of  Heat 

It  may  indeed  happen,  when  the  ice  is  very 
thick,  and  efpecially  when  its  upper  furface  is 
covered  with  deep  fnow,  that  the  melting  of  the 
ice  at  its  under  furface  may  be  going  on,  when  the 
temperature  of  the  atmofphefe  is  confiderably  be* 
low  the  freezing  point. 

As  the  particles  of  water  which,  receiving  Heat 
from  the  ground  at  the  bottom  of  the  lake,  acquire 
a higher  temperature  than  that  of  40°,  and  being 
expanded , and  becoming  fpecifically  lighter  by  thi3 
additional  Heat,  rife  up  to  the  upper  furface  of  the 
fluid  water,  and  give  off  their  fenfible  Heat  to  the 
under  furface  of  the  ice,  never  return  to  the 
bottom,  this  communication  of  the  Heat  which 
exhales  from  the  earth  produces  very  little  motion 
in  the  mafs  of  the  water  j and  this  circumftance  is, 
no  doubt,  very  favourable  to  the  prefervation  of  the 
Heat  of  the  water. 

When  a ftrong  wind  prevails,  and  the  furface  of 
the  water  is  much  agitated,  ice  is  not  formed, 
even  though  the  whole  mafs  of  water  fhould,  by  a 
long  continuance  of  cold  weather,  have  been  pre* 
vioufly  cooled  down  to  that  point  to  which  it  is 
neceflary  that  it  fhould  be  brought,  in  order  that 
its  internal  motions  may  ceafe,  and  it  may  be  dif- 
pofed  to  congeal  ; for  though  the  particles  at  and 
near  the  furface  may  no  longer  have  any  tendency 
to  defcend,  on  being  farther  cooled,  yet,  as  they 
have  fo  confiderable  a quantity  of  fenfible  Heat 
(eight  or  ten  degrees)  to  difpofe  of,  after  their 
condenfation  with  cold  ceafes,  and  as  the  agitation 
into  which  the  water  is  thrown  by  the  wind  does 
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ft ot  permit  any  particle  to  remain  long  enough  in 
contact  with  the  cold  air  to  give  off  all  its  Heat  at 
once,  there  is  a continual  fucceffion  of  frefh  parti- 
cles at  the  furface,  all  of  which  give  off  Heat 
to  the  air  ; but  none  of  them  have  time  to  be 
cooled  fufficiently  to  be  difpofed  to  form  ice.  The 
water  will  lofe  a vaft  quantity  of  Heat,  and  as  foon 
as  the  wind  ceafes,  if  the  cold  fhould  continue,  ice 
will  be  formed  very  rapidly. 

But  it  is  not  merely  the  agitation  of  the  water 
which  renders  the  communication  of  the  Heat  very 
rapid,  the  agitation  of  the  wind  alfo  tends  to  pro- 
duce  the  fame  effect. 

On  the  return  of  fpring,  the  fnow  melting  be- 
fore the  fun  as  he  advances  and  his  rays  become 
more  powerful,  all  the  Heat  which  the  earth 
exhales  is  employed  in  diffolving  the  ice  at  its 
under  furface,  while  the  fun  on  the  other  fide 
a£ts  ftill  more  powerfully  to  produce  the  fame 
effeft. 

Though  ice  is  tranfparertt,  yet  it  is  not  perfectly 
fo  ; and  as  the  light  which  is  flopped  in  its  paffage 
through  it  cannot  fail  to  generate  Heat  when  and 
where  it  is  flopped,  or  abforbed,  it  is  by  no  means 
furprifing  that  fnow  fhould  be  found  to  melt  when 
expofed  in  the  fun’s  rays,  even  when  the  temper- 
ature of  the  air  in  the  fhade  is  confiderably  below 
the  point  of  freezing.  Snow  expofed  to  the  fun 
melts  long  before  the  even  furface  of  ice  begins  to 
be  fenfibly  foftened  by  its  beams,  and  it  is  not  till 
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fome  time  after  all  the  hills  are  bare  that  the  id 
on  the  lakes  and  rivers  breaks  up. 

The  rays  which  penetrate  a bank  of  fnow  being 
often  refle&ed  and  refra&ed,  defcend  deep  into  it, 
and  the  Heat  is  depofited  in  a place  where  it  is  not 
expofed  to  be  carried  off  by  the  cold  air  of  the  at* 
mofphere ; but  the  rays  which  fall  upon  the  hori- 
zontal and  fmooth  furface  of  ice,  are  moftly 
reflected  upwards  into  the  atmofphere  ; and  if  any 
part  of  them  are  flopped  at  the  furface  of  the  ice, 
the  Heat  generated  by  them  there  is  inftantane- 
oufly  carried  off  by  the  cold  air,  and  a particle  of 
water  is  no  fooner  made  fluid  than  it  is  again 
frozen. 

Hence  we  fee  that  the  fnow  which  in  cold 
countries  covers  the  ice  that  is  formed  on  the  fur* 
face  of  frefh  water,  not  only  prevents  the  Heat  of 
the  water  from  being  carried  off  by  the  air,  during 
the  winter,  but  alfo  aflifts  very  powerfully  in  thaw- 
ing the  ice  early  in  the  fpring. 

Should  the  waters  of  a lake  be  fo  deep,  or  fo 
imperfeflly  tranfparent,  as  to  intercept  a great  pro- 
portion of  rays  of  the  fun  before  they  reach  the 
bottom,  in  that  cafe,  the  temperature  of  the  water 
at  the  bottom  of  the  lake  will  be  nearly  the  fame  all 
the  year  round ; and  in  countries  where  there  is  any 
froft  in  winter,  and  particularly  in  thofe  lakes 
which  lie  near  high  mountains,  and  are  fed  by 
torrents  which  proceed  from  Glaciers , and  melting 
fnow,  this  confiant  temperature  at  the  bottom  can 
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never  be  much  above  or  below  4i°F.  whatever 
may  be  the  heat  to  which  the  furface  of  the  lake 
is  expofed  in  fuinmer,  or  however  long  and  in- 
tenfely  hot  the  fummer  may  be”1. 

Let  us  now  fee  what  the  confequences  would 
have  been,  had  the  condenfation  of  water  with  cold 
followed  the  law  which  obtains  in  regard  to  all 
other  Fluids. 

As  the  internal  motion  of  the  water  could  not 
have  failed  to  continue  as  long  as  its  fpecific  gravity 
continued  to  be  increafed  by  parting  with  Heat, 
ice  would  not  have  begun  to  bs.  formed  till  the 
whole  mafs  of  water  had  arrived  at  the  tempera- 
ture of  32°  of  Fahrenheit’s  thermometer. 

To 

* In  a letter  from  ProfelTor  Pictet  of  Genieva  to  the  Author,  of 
the  7th  July  1797,  accompanying  the  36th  number  of  the  Biblio- 
THEQUS  Britannique,  (in  which  an  account,  or  rather  tranflation, 
of  the  firft  Edition  of  this  Eflay  is  publilhed  in  the  French  language,) 
there  is  the  following  paragraph. 

“ I took  the  liberty  to  throw  in,  as  ufual,”  (in  the  tranflation) 
**  fome  occaflonal  notes  ; one  of  which  will,  I hope,  deferve  your  at- 
♦ ‘ tention.  It  points  out  the  near  coincidence  of  the  mean  tempera- 
“ ture  of  the  bottom,  obferved  in  ten  different  lakes,  by  M.  de  Satiflure 
and  myfelf,  viz.  R.”— (equal  to  414°  F.)  “ with  the  tempera- 

“ ture  where  the  minimum  of  volume,  or  maximum  of  denfity  of  water 
takes  place.  We  vainly  ftrove,  to  this  day,  to  explain  the  uni- 
“ formity  we  obferved  in  that  particular  in  feveral  lakes  very  differ- 
“ ently  fituated,  in  many  refpeXs,  but  your  reflexions  feem  to,  me 
“ fully  to  refolve  the  problem.1’ 

The  following  is  the  note  in  the  Bibliotbeque  Britanniquc,  alluded  to 
by  ProfelTor  Pictet,  in  the  foregoing  paragraph  of  his  letter. 

“ Ce  n’elt  pas  l'eulement  dans  le  lac  de  Geneve  que  M de  Sauflure, 
notre  favant  ami,  a fait  les  experiences  curieuies  qui  font  ici  rap- 
pellees,  et  a quelques-unes  des  quelles  nous  avons  eu  le  plaifir 
*'  d’aflilterj  il  les  a repetees  dans  la  Mediterran^e,  et  dans  dix 
“ lacs  qui  bordent  de  part  et  d’autre  la  chaine  des  Alpes.  Nous 
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To  fee  what  an  enormous  quantity  of  Heat'would 
be  loft,  when  the  water  is  deep,  in  confequence  of 
its  whole  mafs  being  cooled  in  this  manner,  we 
have  only  to  compute  how  much  ice  this  bleat 
would  melt ; or  how  much  water  it  would  heat 
from  the  point  of  freezing  to  that  of  boiling. 

It  has  been  fhown  by  experiment,  that  any  given 
quantity  of  ice  requires  as  much  Heat  to  melt  it  as 
an  equal  quantity  of  fluid  water  lofes  in  cooling 


“ tirons  de  fon  grand  ouvrage  fur  les  montagnes  les  temperatures 
“ obfervees  au  fond  de  ces  lacs  comme  fuit  $ 

t : . 1 


[ Noms  des  Lacs. 

Profopdeurs 
cn  pieds  de  France. 

Temperatures 
Degres  de  R 

Lac  de  Geneve 

950 

4.3 

“ de  Neuchatel 

3*5 

4-1 

“ de  Bienne 

- *17 

5-5 

“ du  Bourget 

- 240 

4.5 

<f  d ’ Annecy 

1 

W 

C\ 

4-5 

11  de  Thun 

3 5° 

- 4.0 

" de  Brientz 

- 5°° 

3-? 

“ de  Lucerne 

- 600 

3.9 

“ de  Conftance 

• 370 

3.4 

'LacMajeur 

335 

5.4 

“Temperature  moyenne  du  fond  de  dix  lacs  4-34,  ou  4|°  R.” 

“ II  n’eft  peutetre  aucun  de  nos  le&eurs  qui,  plein  des  idees  que 
“ notre  auteur  vient  de  difcuter,  ne  foit  frappe  de  la  coincidence  entre 
“ cette  temperature  du  fond  des  lacs  dans  nos  latitudes  moyennes  et 
“ celle  a laquelle  l’eau  atteint  fon  minimum  de  volume  ou  maximum  de 
“ denfite  ! La  permanence  de  cette  temperature,  et  fon  identitc  dans 
“des  lacs  d’ailleurs  tres-diverfement  fitues,  paroiflent  intimemen,t 
“ liees  avec  cette  circonilance  du  minimum  de  volume-  Mais  ce  n’eft 
“ pas  ici  Ie  lieu  de  donner  cours  anx  idees  que  peut  fuggerer  ce 
“ rapprochement  ; nous  l’indiquons  al’auteur  comme  un  objet  digne 
“ de  fes  meditations.” 


The  Author  of  this  Eflay  feels  himfelf  very  much  obliged  to  his 
ingenious  and  refpe&able  friend,  Profeflbr  Pictet,  for  thefe  inte- 
refting  obfervations. 
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140  degrees  ; confequently  the  quantity  of  ice 
which  might  be  melted  by  the  Heat  given  off  by 
any  given  quantity  of  water  in  cooling  any  given 
number  of  degrees,  is  to  the  given  quantity  of 
water,  as  the  number  of  degrees  which  it  is  cooled, 
to  140  degrees. 

Hence  it  follows  that  when  the  temperature  of 
the  water  is  8 degrees  above  the  freezing  point,  it 
gives  off  in  cooling  down  to  that  temperature  as 
much  Heat  as  would  melt  T|o-  or  T4T  of  its  weight 
of  ice  ; the  water,  therefore,  which  is  cooled  from 
the  temperature  of  40°  to  that  of  32%  if  it  be  35 
feet  deep,  will  give  off  as  much  Heat  in  being  fo 
cooled  as  would  melt  a covering  of  ice  2 feet 
thick. 

But  this  even  is  not  all : for  as  the  particles  of 
water,  on  being  cooled  at  the  furface,  would,  in 
confequence  of  the  increafe  of  their  fpecific  gravity 
on  parting  with  a portion  of  their  Heat,  immedi- 
ately defcend  to  the  bottom,  the  greateft  part  of 
the  Heat  accumulated  during  the  fummer  in  the 
earth  on  which  the  water  repofes  would  be  carried 
off  and  loft,  before  the  water  began  to  freeze  j and 
when  ice  was  once  formed,  its  thicknefs  would 
increafe  with  great  rapidity,  and  would  continue 
increafing  during  the  whole  winter ; and  it  feems 
very  probable  that,  in  climates  which  are  now  tem- 
perate, the  water  in  the  large  lakes  would  be  frozen 
to  fuch  a depth  in  the  courfe  of  a fevere  winter 
that  the  Heat  of  the  enfuing  fummer  would  not  be 
fufficient  to  thaw  them  ; and  Ihould  this  once  hap- 
pen, the  following  winter  could  hardly  fail  to 
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change  the  whole  mafs  of  its  waters  to  one  folid 
body  of  ice,  which  never  more  could  recover  its 
liquid  form,  but  mull  remain  immovable  till  the 
end  of  time. 

In  the  month  of  February,  after  a froft  which 
had  lafted  a month,  the  temperature  of  the  air  being 
38°,  M.  de  Saussure  found  the  temperature  of 
the  water  of  the  Lake  of  Geneva,  at  the  furface,  at 
410, — and  at  the  depth  of  1000  feet,  at  40°. 
Had  the  froft  continued  but  a little  longer,  ice 
would  have  been  formed  ; but  had  the  conftitu- 
tion  of  water  been  fuch  that  the  whole  mafs  of 
that  Fluid  in  the  Lake  muft  have  been  cooled  down 
to  the  temperature  of  320  before  ice  could  have 
been  formed,  this  event  could  not  have  happened 
till  the  water  had  given  off  as  much  Heat  as  would 
be  fufficient  to  melt  a covering  of  ice  above  57  feet 
thick ! — 

This  quantity  of  Heat  would  be  fufficient  to  heat, 
to  the  point  of  boiling,  a quantity  of  ice-cold  water 
as  large  as  the  Lake,  and  49  feet  deep  ! 

We  cannot  fufficiently  admire  the  fimplicity  of 
the  contrivance  by  which  all  this  Heat  is  faved.  It 
well  deferves  to  be  compared  with  that  by  which 
the  feafons  are  produced  ; and  I muft  think  that 
every  candid  inquirer,  who  will  begin  by  diverting 
himfelf  of  all  unreafonable  prejudices,  will  agree 
with  me  in  attributing  them  both  to  the  same 
author. 

When  we  trace  ftill  farther  the  aftonilhing  effefls 
that  are  produced  in  the  world  by  the  operations 
of  that  fimple  law  which  has  been  found  to  obtain 
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in  the  condenfation  of  water  on  its  being  deprived 
of  Heat,  we  fhall  find  more  and  more  reafon  to 
admire  the  wifdom  of  the  contrivance. 

That  high  latitudes  might  be  habitable,  it  was 
necefiary  that  vegetables  Ihould  be  profe&ed  from 
the  effects  of  the  chilling  frofts  of  a long  and 
fevere  winter : but  if  it  be  true  that  watery  liquids 
do  not  part  with  their  Heat  but  in  conference  of 
their  internal  motions ; and  if  thefe  motions  are 
occafioned  merely  by  the  change  produced  in  the 
fpecific  gravity  of  thofe  particles  of  the  liquid  which 
receive  Heat,  or  which  part  with  it,  who  does  not 
fee  how  very  powerfully  the  hidden  diminution 
and  final  ceflation  of  the  condenfation  of  water  in 
cooling,  as  foon  as  its  temperature  approaches  to 
the  freezing  point,  operates  to  prevent  the  fap  in 
vegetables  from  being  frozen  ? 

But  if,  for  the  purpofes  of  life  and  vegetation, 
it  be  necefiary  that  the  ground,  the  rivers,  the 
lakes,  and  the  trees  be  defended  from  the  cold 
winds  from  the  poles,  it  may  be  afked  how  this 
inundation  of  cold  air  is  to  be  warmed  ? — I an- 
fwer,  by  the  waters  of  the  ocean  ; which  there  is 
the  greateft  reafon  to  think,  were  not  only  defigned 
principally  for  that  ufe,  but  particularly  prepared 
for  it. 

Sea-water  contains  a large  proportion  of  fait 
in  folution  ; and  we  have  feen  that  the  condenfation 
of  a faline  folution,  on  its  being  cooled,  follows  a 
law  which  is  extremely  different  from  that  obferved 
in  regard  to  pure  water  ; and  which  (as  may  eafily 
be  fhown)  renders  it  peculiarly  well  adapted  for 
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communicating  Heat  to  the  cold  winds  which  blow 
over  its  furface. 

As  fea  water  continues  to  be  condenfed  as  it 
goes  on  to  cool,  even  after  it  has  paffed  the  point 
at  which  frelh  water  freezes,  the  particles  at  the 
furface,  inftead  of  remaining  there  after  the  mafs 
of  the  water  had  been  cooled  to  about  40%  and  pre- 
venting the  other  warmer  particles  below  from  coin- 
ing in  their  turns  and  giving  off  their  Heat  to  the 
cold  air, (as  we  have  feen  always  happens  when  frelh, 
or  pare  water  is  fo  cooled,)  thefe  cooled  particles  of 
fait  water  defcend  as  foon  as  they  have  parted  with 
their  Heat,  and  in  moving  downward  fprce  other 
warmer  particles  to  move  upwards  j and  in  con- 
fequence  of  this  continual  fucceflion  of  warm  par- 
ticles, which  come  to  the  furface  of  the  fea,  a vaft 
deal  of  Heat  is  communicated  to  the  air  ; — incom- 
parably more  than  could  poffibly  be  communicated 
to  it  by  an  equal  quantity  of  frefh  water,  at  the 
fame  temperature,  as  will  appear  by  the  following 
computation. 

Without  taking  into  the  account  that  very  great 
advantage  which  fea  water  polfeffes  over  frelh 
water,  confidered  as  an  equalizer  of  the  tempera- 
ture of  the  atmofphere,  which  arifes  from  the  com- 
parative lownefs  of  the  point  of  its  congelation  ; — fup- 
pofing  even  fea  water  to  freeze  at  as  high  a tem- 
perature as  frelh  water,  namely,  at  330  j and  fup- 
pofing  (what  is  flrittly  true)  that  as  foon  as  either 
fea  water  or  frelh  water  is  frozen  at  its  furface, 
and  this  ice  is  covered  with  fnow,  the  communica- 
tion of  Heat  from  the  water  to  the  atmofphere 
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ceafes  almoft  entirely  ; — we  will  endeavour  to  de- 
termine how  much  more  Heat  would,  even  on  this 
fuppofition,  be  communicated  to  the  air  by  fait 
water  than  by  frefh  water,  after  both  have  arrived 
at  the  temperature  of  40°. 

When  frefh  water,  in  cooling,  has  arrived  at  this 
ternperature,  it  ceafes  to  be  farther  condenfed  with 
cold,  and  its  internal  motions  (which,  as  we  have 
already  more  than  once  obferved,  are  caufed  folely 
by  the  changes  produced  in  the  fpecific  gravity  of  its 
particles)  ceafe  of  courfe,  and  ice  immediately  be- 
gins to  be  formed  on  its  furface  ; but  as  the  con- 
denfation  of  fait  water  goes  on  as  its  Heat  goes  on 
to  be  diminifhed,  its  internal  motions  will  continue ; 
and  it  is  evidently  impoffible  for  ice  to  be  formed 
at  its  furface  till  the  whole  mafs  of  the  water  has 
become  ice-cold,  or  till  its  temperature  is  brought 
down  to  3 20.  It  would  therefore  give  off  a quan- 
tity of  Heat  equal  to  8 degrees,  at  lead,  of  Fahren- 
heit’s thermometer,  more  than  the  frefh  water  would 
part  with  before  iqe  could  be  formed  on  its 
furface. 

To  be  able  to  form  an  idea  of  this  enormous 
quantity  of  Heat,  we  have  only  to  recoiled  what 
has  already  been  faid,  and  we  fhall  find  reafon  to 
conclude  that  it  would  be  fufficient  to  melt  a cover- 
ing of  ice  equal  in  thicknefs  to  fT  of  the  depth  of 
the  fea. — It  would  therefore  be  fufficient,  in  that 
part  of  the  North  Sea  (lat.  67°)  where  Lord  Mul- 
grave  founded  at  the  depth  of  4680  feet,  to  melt  a 
cake  of  ice  265  feet  thieve  I 
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But  the  Heat  evolved  in  the  formation  of  each 
fuperficial  foot  of  ice  would  be  fufficient  to  raife  the 
temperature  of  a ftratmn  of  incumbent  air  2220 
times  as  thick  as  the  ice,  (confequently  in  the  cafe 
in  queftion  265x2220  feet,  or  869  miles  thick,) 
18  degrees,  or  from  the  temperature  of  freezing 
water,  to  that  of  50°  of  Fahrenheit’s  thermometer, 
or  to  the  mean  annual  temperature  of  the  northern 
parts  of  Germany  ! ^ 

The  Heat  given  off  to  the  air  by  each  fuperficial 
foot  of  water,  in  cooling  one  degree , is  fufficient  to 
heat  an  incumbent  ftratum  of  air  44  times  as  thick 
as  the  depth  of  the  water,  10  degrees.  Hence  we 
fee  how  very  powerfully  the  water  of  the  ocean, 
which  is  never  frozen  over,  except  in  very  high 
latitudes,  mull  contribute  to  warm  the  cold  air 
which  flows  in  from  the  polar  regions. 

But  the  ocean  is  not  more  ufeful  in  moderating 
the  extreme  cold  of  the  polar  regions,  than  it  is  in 
tempering  the  exceffive  heats  of  the  torrid  zone  ;•— * 
and  what  is  very  remarkable,  the  fitnefs  of  the  fea 
water  to  ferve  this  laft  important  purpofe  is  owing 
to  the  very  fame  caufe  which  renders  it  fo  peculiarly 
well  adapted  for  communicating  Heat  to  the  cold 
' atmofphere  in  high  latitudes,  namely,  to  the  fait 
which  it  holds  in  folution. 

As  the  condenfation  of  fait  water,  with  cold,  con- 
tinues to  go  on  even  long  after  it  has  been  cooled  to 
the  temperature  at  which  frelh  water  freezes,  thofe 
particles  at  the  furface  which  are  cooled  by  an  im- 
mediate contact  with  the  cold  winds  inuft  defcend, 
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and  take  their  places  at  the  bottom  of  the  fea, 
where  they  mull  remain,  till,  by  acquiring  an 
additional  quantity  of  Heat,  their  fpecific  gravity  is 
again  diminilhed.  But  this  Heat  they  never  can 
regain  in  the  polar  regions;  for  innumerable  experi- 
ments have  proved,  beyond  all  poffibility  of  doubt, 
that  there  is  no  principle  of  Heat  in  the  interior  parts 
of  the  globe , which,  by  exhaling  through  the  bottom 
of  the  ocean,  could  communicate  Heat  to  the  water 
which  refts  upon  it. 

It  has  been  found  that  the  temperature  of  the 
earth  at  great  depth  under  the  furface  is  different 
in  different  latitudes,  and  there  is  .no  doubt  but 
this  is  alfo  the  cafe  with  refpeft  to  the  temperature 
at  the  bottom  of  the  fea,  in  as  far  as  it  is  not  influ- 
enced by  the  currents  which  flow  over  it ; and  this 
proves,  to  a demonflration,  that  the  Heat  which  we 
find  to  exifl,  without  any  fenfible  change  -during 
fummer  and  winter,  at  great  depths,  is  owing  to 
the  a&ion  of  the  fun,  and  not  to  central  fires , as 
fome  have  too  haflily  concluded. 

But  if  the  water  of  the  Scean,  which,  on  being 
deprived  of  a great  part  of  its  Heat  by  cold  winds, 
defcends  to  the  bottom  of  the  fea,  cannot  be 
warmed  where  it  defcends , as 'its  fpecific  gravity  is 
greater  than  that  of  water  at  the  fame  depth  in 
warmer  latitudes,  it  will  immediately  begin  to 
fpread  on  the  bottom  of  the  fea,  and  to  flow 
towards  the  equator,  and  this  muft  neceffarily 
produce  a current  at  the  furface  in  an  oppofite 
direction ; and  there  are  the  mofl  indubitable 
proofs  of  the  exigence  of  both  thefe  currents. 
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The  proof  of  the  exiftence  of  one  of  them 
would  indeed  have  been  quite  fufficient  to  have 
proved  the  exiftence  of  both,  for  one  of  them 
could  not  poftibly  exift  without  the?  other ; but 
there  are  feveral  diredl  proofs  of  the  exiftence  of 
each  of  them. 

What  has  been  called  the  gulph  ftream,  in  the 
Atlantic  Ocean,  is  no  other  than  one  of  thefe  cur- 
rents, that  at  the  furface,  which  moves  from  the 
equator  towards  the  north  pole,  modified  by  the 
trade  winds  and  by  the  form  of  the  continent  of 
North  America  ; and  the  progrefs  of  the  lower 
Current  may  be  confidered  as  proved  diredtly  by  the 
cold  which  has  been  found  to  exift  in  the  fea  at 
great  depths  in  warm  latitudes ; — a degree  of  tem- 
perature much  below  the  mean  annual  temperature 
of  the  earth  in  the  latitudes  where  it  has  been 
found,  and  which  of  courfe  muft  have  been  brought 
from  colder  latitudes. 

The  mean  annual  temperature  in  the  latitude  of 
6y°  has  been  determined  by  Mr.  KirWan,  in  his 
excellent  treatife  on  the  temperature  of  different 
latitudes,  to  be  390 ; but  Lord  Mulgrave  found,  ori 
the  20th  of  June,  when  the  temperature  of  the  air 
was  48  i°,  that  the  temperature  of  the  fea  at  the 
depth  of  4680  feet  in  that  latitude  was  6 degrees 
below  freezing,  or  26°'of  Fahrenheit’s  thermo- 
meter. 

On  the  31ft  of  Auguft,  in  the  latitude  of  69'% 
where  the  annual  temperature  is  about  38°,  the 
temperature  of  the  fea  at  the  depth  of  4638  feet 
was  32“'  ; the  temperature  of  the  atmofphere  (and 
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probably  that  of  the  water  at  the  furface  of  the  fea) 
being  at  the  fame  time  at  59 \°. 

But  a ftill  more  linking,  and  I might,  I believe, 
fay,  an  incontrovertible  proof  of  the  exillence  of 
currents  of  cold  water  at  the  bottom  of  the  fea, 
fetting  from  the  poles  towards  the  equator,  is  the 
very  remarkable  difference  that  has  been  found 
to  fubfifl  between  the  temperature  of  the  fea  at 
the  furface  and  at  great  depth,  at  the  tropic, — 
though  the  temperature  of  the  atmofphere  there  is 
fo  conllant  that  the  greateft  changes  produced  iii 
it  by  the  feafons  feldom  amounts  to  more  than  five 
or  fix  degrees ; yet  the  difference  between  the  Heat 
of  the  water  at  the  furface  of  the  fea,  and  that  at 
the  depth  of  3600  feet,  has  been  found  to  amount 
to  no  lefs  than  3 1 degrees ; the  temperature  above 
or  at  the  furface  being  84°,  and  at  the  given  depth 
below  no  more  than  530*. 

It  appears  to  me  to  be  extremely  difficult,  if  not 
quite  impoffible,  to  account  for  this  degree  of  cold 
at  the  bottom  of  the  fea  in  the  torrid  zone,  on  any 
other  fuppofition  than  that  of  cold  currents  froih  the 
poles  ; and  the  utility  of  thefe  currents  in  tempering 
the  exceffive  heats  of  thofe  climates  is  too  evident 
to  require  any  illuflration. 

Thefe  currents  are  produced,  as  we  have  already 
feen,  in  confequence  of  the  difference  in  the  fpecific 
gravity  of  the  fea  water  at  different  temperatures  ; 
their  velocities  mull  therefore  be  in  proportion 
to  the  change  produced  in  the  fpecific  gravity 

* Phil.  Tranfaftions,  175*. 
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of  water  by  any  given  change  of  temperature  j and 
hence  we  fee  how  much  greater  they  muft  be 
in  fait  water  than  they  could  poflibly  have  been  had 
the  ocean  been  compofed  of  frelh  water. 

It  is  not  a little  remarkable  that  the  water  of 
all  great  lakes  is  frefh,  and  nearly  fo  in  all  inland 
feas  (like  the  Baltic)  in  cold  climates,  and  which 
communicate  with  the  ocean  by  narrow  channels. 
We  lhall  find  reafon  to  conclude  that  this  did  not 
happen  without  defign,  wheh  we  confider  what 
confequences  would  probably  enfue  /hould  the 
waters  of  a large  lake  in  an  inland  fituation,  in  a 
cold  country,  (fuch  as  the  lake  Superior,  for  in- 
ftance,  in  North  America,)  become  as  fait  as  the 
fea. 

Though  the  cold  winds  which  blow  ovct  the  lake 
in  the  beginning  of  winter  would  be  more  warmed, 
and  the  temperature  of  the  air  on  the  fide  of  the  lake 
oppofite  to  the  quarter  from  whence  thefe  winds 
arrive,  would  be  rendered  fomewhat  milder  than  it 
now  is ; yet,  as  the  water  of  the  lake  would  give 
off  an  immenfe  quantity  of  Heat  before  a covering 
of  ice  could  be  formed  on  its  furface  for  its  pro- 
tection, it  would,  on  the  return  of  fpring,  be  found 
to  be  extremely  cold. ; and  as  it  would  require  a long 
time  to  regain  from  the  influence  of  the  returning 
fun  the  enormous  quantity  of  Heat  loft  during  the 
winter,  it  would  remain  very  cold  during  the 
fpring,  and  probably  during  the  greateft  part  of 
the  fummer ; and  this  could  not  fail  to  chill  the 
atmofphere,  and  check  vegetation  in  the  furround- 
ing  country  to  a very  confiderable  diftance.  And 
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though  a large  lake  of  fait  water  in  a cold  country 
would  tend  to  render  the  winter  fomewhat  milder 
on  one  fide  of  it,  namely,  on  the  fide  oppofite  to 
the  quarter  from  whence  the  cold  winds  came  ; 
yet  this  advantage  would  not  only  be  confined  to  a 
fmall  traft  of  country,  but.  would  not  any  where  be 
very  important,  and  would  by  no  means  counter- 
balance the  extenfive  and  fatal  confequences  which 
would  be  produced  in  fummer  by  fo  large  a col- 
lection of  very  cold  water. 

When  the  winter  is  once  fairly  fet  in,— -when  the 
earth  is  well  covered  with  fnow,  and  the  rivers  and 
lakes  with  ice,  and  more  efpecially  when  the  ice 
as  wrell  as  the  land  is  covered  with  that  warm 
winter  garment,  a few  degrees  more  of  cold  in  the 
air  cannot  produce  any  lading  bad  confequences. 
It  may  oblige  the  inhabitants  to  ufe  additional  pre- 
cautions to  guard  themfelves,  their  domeftic  ani- 
mals, and  their  provifions,  from  the  uncommon 
feverity  of  the  weather  ; but  it  can  have  very  little 
influence  in  the  temperature  of  the  enfuing  fum- 
mer; and  even  it  is  probable,  if  it  influences  it  at 
all,  that  it  tends  rather  to  make  it  warmer  than 
colder.  Lakes  of  fait  water  could  therefore  be  of 
no  real  ufe  in  winter  in  cold  countries,  and  in  fum- 
mer they  could  not  fail  to  be  very  hurtful  ; while 
frefh  lakes,  as  they  are  frozen  over  almofl  as  foon 
as  the  winter  fets  in,  and  long  before  the  whole 
mafs  of  their  water  is  cooled  down  to  the  tem- 
perature of  freezing,  preferve  the  greater  part  of 
their  Heat  through  the  winter,  and  if  they  are  of 
vol.  11.  v no 
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no  confiderable  ufe  during  the  cold  feafon,  they 
probably  do  little  or  no  harm  in  fummer. 

But  I mud  take  care  not  to  tire  my  reader  by 
purfuing  thefe  fpeculations  too  far.  If  I have  per- 
fifted  in  them, — if  I have  dwelt  on  them  with 
peculiar  fatisfaftion  and  complacency, — it  is  becaufe 
I think  them  uncommonly  interefting, — and  alfo 
becaufe  I conceived  that  they  might  be  of  real  ufe 
in  this  age  of  refinement  and  fcepticifm. 

If,  among  barbarous  nations,  the  fear  of  a 
God , and  the  practice  of  religious  duties,  tend  to 
foften  favage  difpofitions,  and  to  prepare  the  mind 
for  all  thofe  fweet  enjoyments  which  refult  from 
peace,  order,  induftry,  and  friendly  intercourfe, — 
a belief  in  the  exifience  of  a Supreme  Intelligence , who 
rules  and  governs  the  univerfe  with  wifdom  and 
goodnefs,  is  not  lefs  effential  to  the  happinefs  of 
thofe  who,  by  cultivating  their  mental  powers, 
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DESCRIPTION  of  the  PLATES. 


PLATE  I. 


his  Plate  reprefents  the  cylindrical  Paffage 


Thermometer  ufed  in  the  Expeiiineots,  on  the 
conducting  power  of  liquids  with  regard  to  Heat. 

Fig.  i.  a o.  is  a fection  of  the  brafs  tube  in 
which  the  Thermometer  c,  with  an  oblong  copper 
bulb,  is  placed. 

e f is  the  glafs  tube  of  the  Thermometer,  which, 
for  want  of  room  in  the  Plate,  is  reprefented  as 
broken  off  at  f 

g is  a ftopple  of  cork  by  which  the  end  of  the 
brafs  tube,  a b , is  clofed  ; and 

h is  a circular  dilk  of  the  fame  fubltance. 

The  fpace  in  the  brafs  tube  below  this  difk  fur- 
rounding the  bulb  of  the  Thermometer,  was  occu- 
pied by  the  liquid  whofe  conducting  power  was 
determined.  The  fpace  between  the  difk  and  the 
cork-ftopper  g , was  filled  with  eider-down. 

Between  the  infide  of  the  brafs  tube  and  the 
lower  part  of  the  bulb  of  the  Thermometer  are 
feen  the  wooden  pins  which  ferved  to  confine  the 
Thermometer  in  its  place. 

Fig.  2.  This  is  an  horizontal  feCtion  of  the  brafs 
tube,  and  a bird’s  eye  view  of  the  Thermometer  in 
its  place. 
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PLATE  II. 

Fig.  3.  This  Figure  fhows  the  manner  in  which 
the  Experiments  were  made,  in  which  a cake  of 
ice  at  the  bottom  of  a tall  glafs  jar  was  thawed  by- 
hot  water  Handing  on  its  furface. 

a is  an  earthen  bowl  filled  with  pounded  ice  and 
water,  in  which  the  glafs  jar,  b,  was  placed. 

c d is  the  level  of  the  upper  furface  of  the  ice 
in  the  jar. 

e f is  the  level  of  the  furface  of  the  water 
Handing  on  the  ice  in  the  jar. 
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ESSAY  VII. 

PART  II. 

An  Account  of  feveral  New  Experiments, 
with  occafional  Remarks  and  Obfervations, 
and  Conjectures  refpe&ing  Chemical 
Affinity,  and  Solution ; and  the  mechanical 
Principle  of  Animal  Life. 


CHAP.  I. 

Account  of  a Circumflance  of  a private  Nature , by 
which  the  Author  has  bee?i  mduced  to  add  this  and 
the  following  Chapters  to  the  Second  Edition  of  this 
EJfay. — Experimental  Invefiigation  of  the  SubjeCl 
continued. — On.  found  by  Experiment  to  be  a Non- 
conductor  of  Heat. — Mercury  is  likewife  a Non- 
conductor.— Probability  that  all  Fluids  are  Non- 
conductors, and  that  this  Property  is  essen- 
tial to  Fluidity. — The  Knowledge  of  that 
Fact  may  be  of  great  life  in  enabling  us  to  form 
more  juft  Ideas  with  regard  to  the  Nature  of  thofe 
mechanical  Operations  which  take  place  in  chemical 
Solutions  and  Combinations ; in  the  Procefs  of 
Vegetation;  and  in  the  various  Changes  cjfeCled  by 
the  Powers  of  Life  in  the  Animal  Economy.— 
Rapidity  of  Solution  no  Proof  of  the  Exifience  of  an 
vol.  ii.  z Attraction 
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Attraction  of  Affinity. — Strata  of  frefh  Water  and 
of  fait  Water  may  be  made  to  repofe  on  each  other  in 
aClual  ContaCl  .without  mixing. — Probability  that 
the  Water  at  the  Bottom  of  frefh  Lakes , that  are 
very  deep , may  be  actually  fait. 

t the  end  of  a French  tranflation  of  the  Firft 


x Edition  of  this  Elfay,  publilhed  at  Geneva,  Pro- , 
felfor  Pidet  (the  tranflator)  has  added  the  follow- 
ing extrad  of  one  of  my  private  letters  to  him,  (of 
the  9th  June  1797,)  written  in  anfwer  to  one  from 
him  to  me,  acknowledging  the  receipt  of  a manu- 
script copy  of  the  Elfay  which  I had  fent  him. 

44  I fhould  have  been  much  furprifed  if  my 
44  Seventh  Elfay  had  not  interefled  you  ; for  in  my 
44  life  I never  felt  pleafure  equal  to  that  I enjoyed 
44  in  making  the  experiments  of  which  I have  given 
44  an  account  in  that  performance.  You  will  per- 
44  haps  be  furprifed  when  I tell  you,  that  I have 
44  fupprelfed  a whole  Chapter  of  interefting  fpecu- 
44  lation,  merely  with  a view  of  leaving  to  others  a 
44  tempting  field  of  curious  inveftigation  untouched; 
44  and  to  give  more  effect  to  my  concluding  reflec- 
44  tion ; which  I confider  as  being  by  far  the  mod 
44  important  of  any  I have  ever  published.” 

As  thefe  alfertions,  (which  were  not  originally 
intended  for  the  public  eye,) — are  liable  to  Several 
interpretations,  I think  it  my  duty,  not  only  to  ex- 
plain them,  but  alfo  to  let  the  Public  know  precifely 
how  far  I have  puftied  my  inquiries  in  the  invefti- 
gation of  the  fubjed  under  consideration  : This  is 
an  ad  of  juftice  which  I owe  to  thofe  who  may  be 
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engaged  in  the  fame  purfuits ; for  it  would  be  very- 
unfair,  by  obfcure  hints  of  important  information  kept 
back , to  keep  others  in  doubt  with  refped  to  the 
originality  of  the  difcoveries  they  may  make  in  the 
profecution  of  their  inveftigations.  This  would  tend 
to  damp  the  fpirit  of  inquiry,  inftead  of  exciting  it ; 
and  throwing  out  fuch  hints  looks  fo  much  like 
lying  in  wait  to  feize  on  the  fair  fruits  of  the  la- 
bours of  others,  that  I cannot  reft  till  I have  {hewn 
that  I do  not  deferve  to  be  fufpe&ed  of  fuch  pitiful 
views. 

My  worthy  friend,  Profelfor  Piftet,  certainly  did 
not  fufpedl  any  unhandfome  defign  in  any  thing  I 
faid  to  him  in  my  (private)  letter ; but  thofe  who 
are  lefs  acquainted  with  my  character,  may  not  be 
difpofed  to  give  me  credit  for  candour  and  difin- 
tereftednefs  without  proofs* 

With  regard  to  the  affertion  in  my  letter,  “ that 
<c  I had  fuppreffed  a whole  Chapter  of  interefting 
“ fpeculation,  with  a view  to  leaving  to  others  a 
“ tempting  field,  untouched , for  curious  inveftiga- 
tc  tion  j” — this  is  perfectly  true  in  fa£t,  as  will,  I 
flatter  myfelf,  appear,  by  what  I fhall  now  lay  be- 
fore the  Public  j and  I am  confident  that  thofe  who 
will  take  the  trouble  to  confider  with  attention 
the  reafons  which  induced  me  to  do  this,  will  find 
them  fuch  as  will  deferve  their  approbation. 

Having,  as  I flattered  myfelf,  laid  open  a new 
and  moft  enticing  profpeft  to  thofe  who  are  fond  of 
philofophical  purfuits,  I was  afraid,  if  I advanced 
too  far,  that  others,  inftead  of  ftriking  out  roads  for 
themfelves,  might  perhaps  content  themfelves  with 

z 2 following 


314  Of  the  Propagation  of  Heat 

following  in  my  footfteps  ; and  confequently  that 
many,  and  probably  the  mod  interefling  parts  of  the 
new  field  of  inquiry,  would  remain  a long  time  un- 
explored : And  with  regard  to  the  reputation  of 
being  a difcoverer , though  I rejoice,  I might  fay, 
'exult  and  triumph — in  the  progrefs  of  human 
knowledge, — and  enjoy  the  fweeteft  delight  in  con- 
templating the  advantages  to  mankind  which  are 
derived  from  the  introdudion  of  ufeful  improve- 
ments ; yet  I can  truly  fay,  that  I fet  no  very  high 
value  on  the  honour  of  being  the  firfl:  to  (tumble 
on  thofe  treafures  which  every  where  lie  fo  (lightly 
covered. 

In  refpect  to  the  “ concluding  reflexion”  of  the 
Firfl;  Edition  of  this  Eifay ; — though  fome  may 
fmile  in  pity  ; and  others  frown  at  it  j I am  neither 
afhamed,  nor  afraid  to  own,  that  I confider  the  fub- 
jed  as  being  of  the  utmoji  importance  to  the  peace, 
order,  and  happinefs  of  mankind,  in  our  prefent  ad- 
vanced Jiate  of  fociety.  But  to  return  from  thefe 
digreflions — 

Though  it  appeared  to  me  that  the  important 
fad  I undertook  to  inveftigate,  relative  to  the  man- 
ner in  which  Heat  is  propagated  in  Fluids,  is  fully 
eftablifhed  by  the  Experiments,  of  which  an  ac- 
count has  been  given  in  the  preceding  Chapters  of 
this  Effay  ; yet,  as  a thorough  examination  of  the 
fubjed  is  a matter  of  much  importance,  in  many 
refpeds,  I did  not  reft  my  inquiries  here,  but  made 
a number  of  Experiments  with  a view  to  throwing 
ftill  more  light  upon  it,  and  enabling  us  to  form 
more  clear  and  diftind  ideas  refpeding  thofe  curious 
v • • - mechanical 
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mechanical  operations  which  appear  to  take  place 
in  Fluids,  when  Heat  is  propagated  in  them. 

Having  frequently  obferved  when  a quantity  of 
water  in  one  of  my  glafs  jars  was  frozen  to  a cake 
of  ice,  by  placing  the  jar  in  a freezing  mixture, 
that,  as  the  ice  firft  began  to  be  formed  at  the  Tides 
of  the  jar,  and  increafed  gradually  in  thicknefs,  the 
portion  of  water  in  the  axis  of  the  jar  (which  laft 
retained  its  fluidity)  being  compreffed  by  the 
expanfion  of  the  ice,  was  always  forced  upwards 
towards  the  end  of  the  procefs,  and  formed  a 
pointed  projection  of  ice  in  the  form  of  a nipple,  - 
(papilla,)  which  was  fometimes  above  half  an  inch 
high  in  the  middle  of  the  upper  fide  of  the  cake  ; 

I was  led  by  that  circumftance  to  make  the  follow- 
ing interefting  Experiments. 


Experiment,  No.  55. 

A cake  of  ice,  3 inches  thick,  which  had  a 
pointed  projection,  £ an  inch  high,  which  arofe 
from  the  centre  of  its  upper  furface,  being  frozen 
fall  in  the  bottom  of  a tall  cylindrical  glafs  jar,  4^ 
inches  in  diameter  ; this  jar,  Handing  in  an  earthen 
pan,  and  being  furrounded  by  pounded  ice  and 
water,  to  the  height  of  an  inch  above  the  level  of 
the  upper  furface  of  the  cake  of  ice,  was  placed  on 
a table,  near  a window,  in  a room  \Vhere  the  air  was 
at  the  temperature  of  310  of  Fahrenheit’s  thermo- 
meter ; and  fine  olive  oil , which  had  previoufly 
been  cooled  down  to  the  temperature  of  320,  was 
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poured  into  the  jar  till  it  flood  at  the  height  of  3 
inches  above  the  furface  of  the  cake  of  ice. 

Having  ready  a folid  cylinder  of  wrought  iron, 
ip  inch  in  diameter,  and  12  inches  long,  with  a 
fmall  hook  at  one  end  of  it,  by  means  of  which  it 
could  occafionally  be  fufpended  in  a vertical  por- 
tion, and  furnifhed  with  a fit  hollow  cylindrical 
{heath  of  thick  paper,  into  which  it  juft  pafled, — 
open  at  both  ends,  and  about  TV  of  an  inch  longer 
than  the  folid  cylinder  of  iron,  to  which  it  ferved 
as  a covering  for  keeping  it  warm  ; this  iron  cy- 
linder, being  heated  to  the  temperature  of  210°  in 
boiling  water,  and  being  fuddenly  introduced  into 
its  fheath,  was  fufpended  by  an  iron  wire  which 
defcended  from  the  ceiling  of  the  room,  in  fuch  a 
manner,  that  its  lower  end  entering  the  jar,  (in  the 
direction  of  its  axis,)  was  immerfed  in  the  oil  to 
fuch  a depth,  that  the  middle  of  the  flat  furface  of 
this  end  of  the  hot  iron,  which  was  direCtly  above 
the  point  of  the  conical  projection  of  ice,  was  dif- 
tant  from  it  only  fo  of  an  inch.  The  end  of  the 
fheath  defcended  T-s-  of  an  inch  lower  than  the  end 
of  the  hot  metallic  cylinder. 

As  the  oil  was  very  tranfparent,  and  the  jar 
placed  in  a favourable  light,  the  conical  projection 
of  ice  was  perfectly  vifible,  even  after  the  hot 
cylinder  was  introduced  into  the  jar  ; and  had  any 
Heat  descended  through  the  thin  ftratum  of  fluid 
oil  which  remained  interpofed  between  the  hot  fur- 
face of  the  iron  and  the  pointed  projection  of  ice 
which  was  under  it,  there  is  no  doubt  but  this 
Heat  muft  have  been  apparent,  by  the  melting  of 
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the  ice  ; which  event  would  have  been  difcovered, 
either  by  the  diminution  of  the  height  of  this  pro- 
jection, or  by  an  alteration  of  its  form.  But  this 
was  not  the  cafe  : the  ice  did  not  appear  to  be  in  the 
fmallefl  degree  diminifhed,  or  otherwife  affeCted  by 
the  vicinity  of  the  hot  iron. 

My  reader  will  naturally  fuppofe,  without  my 
mentioning  the  circumftance,  that  due  care  was 
taken  in  introducing  the  cylinder  into  the  jar,  to  do 
it  in  the  mod  gentle  manner  poffible,  to  prevent  the 
oil  from  being  thrown  into  undulatory  motions  $ 
and  that  proper  means  were  ufed  for  confining  the 
cylinder,  motionlefs,  in  its  place,  when  it  had 
arrived  there. 

As  this  experiment  appears  to  me  to  be  unex- 
ceptionable, and  its  refult  unequivocal  and  decifive; 
in  order  that  a perfect  idea  may  the  more  eafily  be 
formed  of  it,  I have  added  the  Figure  4,  where  a 
fedtion  of  the  whole  of  the  apparatus  ufed  in  making 
it  may  be  feen,  expreffed  in  a clear  and  diftinCt 
manner. 

If  the  general  refult  of  the  Experiments,  of  which 
an  account  has  been  given  in  the  two  firft  Chapters 
of  this  Effay,  afforded  reafon  to  conclude  that 
water  is  a non- conductor  of  Heat,  the  refult  of  that 
here  defcribed  certainly  proves,  in  a manner  quite 
as  fatisfactory,  that  oil  is  alfo  a non-conduftor  ; and 
ferves  to  give  an  additional  degree  of  probability  to 
the  conje&ure,  that  all  Fluids  are  necejjarily  non- 
conductors of  Heat. 

As  mercury , which  is  a metal  in  fufion,  is  differ- 
ent in  many  refpeCts  from  all  other  Fluids,  I 
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was  very  impatient  to  know  if  it  agreed  with  them  in 
that  efiential  property,  from  which  they  have  been 
denominated  non-conduCtors  of  Heat,  and  this  I 
found  to  be  actually  the  cafe,  by  the  refult  of  the 
following  decifive  Experiment. 

Experiment , No.  56. 

Having  emptied  and  cleaned  out  the  cylindrical 
glafs  jar  ufed  in  the  laft  mentioned  Experiment, 
and  replenifhed  it  with  a frefh  cake  of  ice,  wdth  a 
conical  projection  in  the  middle  of  its  upper  fide,  I 
placed  the  jar,  furrounded  by  pounded  ice  and 
water,  on  the  table,  in  the  cold  room,  where  the 
foregoing  Experiment  had  been  made ; and  poured 
over  the  cake  of  ice  as  much  ice-cold  mercury , as 
covered  it  to  the  height  of  about  an  inch.  Having 
cleaned  the  furface  of  the  mercury  in  the  jar  with 
blotting  paper,  I fuffered  the  whole  to  remain  quiet 
about  an  hour ; and  then  very  gently  introduced 
the  end  of  the  hot  cylinder  of  iron  (inclofed  in  its 
paper  (heath)  into  the  mercury,  and  fixed  it  immo- 
veably  in  fuch  a pofition,  that  its  flat  end,  which 
was  naked,  was  immediately  over  the  point  of  the 
conical  projection  of  ice,  and  diftant  from  it  about 
l of  an  inch  ; where  I fuffered  it  to  remain  feveral 
minutes. 

It  is  necefiary  that  I fhould  mention,  that,  in 
order  to  prevent  the  internal  motions  in  the  mafs  of 
mercury,  which  would  otherwife  have  been  occa- 
fioned  by  the  rifing  and  fpreading  out  on  its  furface 
of  thofe  particles  of  that  fluid,  which,  having 
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touched  the  flat  end  of  the  hot  iron,  became  fpeci- 
fically  lighter  in  confequence  of  their  increafe  of 
temperature,  the  end  of  the  hollow  cylindrical 
flieath,  in  which  the  folid  cylinder  of  iron  was 
placed,  was  made  to  project  about  ~ of  an  inch 
below  the  flat  end  of  the  iron.  This  precaution 
was  likewife  ufed,  and  for  a fimilar  reafon,  in  the 
preceding  Experiment ; when  oil  was  ufed  in  the 
place  of  the  mercury  ; as  was  mentioned,  though 
without  being  explained,  in  giving  an  account  of 
that  Experiment. 

As  the  cake  of  ice,  on  which  the  mercury  repofed, 
was  at  that  temperature  precifely  at  which  ice  is  dif- 
pofed  to  melt  with  the  fmallefl  additional  quantity 
.of  Heat,  if  any  Heat  had  found  its  way  downwards 
through  the  mercury  to  the  ice  in  this  Experiment, 
water  would  mod  undoubtedly  have  been  formed  ; 
and  this  water  would  as  undoubtedly  have  appeared 
on  the  furface  of  the  mercury  on  taking  away  the 
.iron  : but  there  was  not  the  fmallefl  appearance  of 
any  ice  haying  been  melted. 

To  find  out  whether  the  cake  of  ice  was  really  at 
that  temperature  at  which  it  was  difpofed  to  melt 
with  any  additional  Heat,  I thrufl  down  the  end  of 
my  finger  through  the  mercury,  and  touched  the 
ice  ; and  this  Experiment  removed  all  my  doubts  ; 
for  I found  that,  however  expeditioufly  I performed 
that  qperation,  it  was  hardly  poflible  for  me  to 
touch  the  ice  without  evident  figns  of  water  having 
been  produced  being  left  behind,  on  the  clean  and 
bright  furface  of  the  mercury,  on  taking  away  my 
finger. 
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From  the  refults  of  all  thefe  experimental  invefli- 
gations  it  appears  to  me,  that  we  may  fafely  con- 
clude that  water , oil , and  mercury  are  perfect  non- 
conductors of  Heat ; or,  that  when  either  of  thofe 
iubftances  takes  the  form  of  a Fluid,  all  interchange 
and  communication  of  Heat  among  its  particles , or 
from  one  of  them  to  the  other,  dire&ly,  becomes 
from  that  moment  abfolutely  impojfible. 

That  this  is  alfo  the  cafe  with  refpedt  to  the  par- 
ticles of  air,  has  been  rendered  extremely  probable, 
— I believe  I might  fay  proved, — by  the  Experi- 
ments of  which  I gave  an  account  in  one  of  my 
Papers  on  Heat,  publilhed  in  the  Tranfa&ions  of 
the  Royal  Society  ; — and  I have  fhewn  elfewhere — 
(in  my  Sixth  Efifay)  how  much  reafon  there  is  to 
conclude,  that  the  particles  of  Steam  and  of  Flame 
are  in  the  fame  predicament. 

But  if  all  interchange  and  communication  of 
Heat,  from  particle  to  particle — immediately , or  de 
proche  en  prochq,  be  abfolutely  impoffible  in  fo  many 
elaftic  and  unelaflic  Fluids , — and  in  Fluids  fo  effen- 
tially  different  in  many  other  refpects, — is  there 
not  fufficient  grounds  to  conclude  from  hence,  that 
this  property  is  common  to  all  Fluids — and  that  it 
is  even  effential  to  fluidity  ? 

It  is  eafy  to  conceive,  that  the  difeovery  of  fo  im- 
portant a circumftance  muff  neceffarily  occafion  a 
confiderable  change  in  the  ideas  we  have  formed  in 
refpect  to  the  mechanical  operations  which  take 
place  in  many  of  the  great  phenomena  of  Nature  5 
as  well  as  in  many  of  thofe  ftill  more  interefting 
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chemical  operations,  which  we  are  able  to  direCt, 
but  which  we  find,  alas ! very  difficult  to  explain. 

In  my  Paper  on  Heat,  above  mentioned,  publiffied 
in  the  Philofophical  TranfaCtions  for  the  year  1792, 

I endeavoured  to  apply  the  difcovery  of  the  non- 
conducting power  of  air  in  accounting  for  the 
warmth  of  the  hair  of  beads  ; — of  the  feathers  of 
birds;-  of  artificial  clothing; — and  of  fnow,  the 
c, winter  garment  of  the  earth  ; — and  alfo,  in  explain- 
ing the  caufes  of  the  cold  winds  from  the  polar 
regions,  and  of  their  different  directions  in  different 
countries,  which  prevail  at  the  end  of  winter,  and 
early  in  the  fpring. 

In  my  Sixth  Effay — (on  the  Management  of 
Heat  and  the  Economy  of  Fuel) — I availed  rnyfelf 
of  the  knowledge  of  the  non-conduCting  power  of 
fleam  and  of  flame,  in  explaining  the  effeCts  of  a 
blow-pipe  in  increafing  the  aCtion  of  pure  flame  ; 
and  in  inveftigating  the  mod;  advantageous  forms 
for  boilers  : and  in  the  third  Chapter  of  this  Effay 
I have  endeavoured  to  apply  the  difcoveries  which 
had  been  made,  refpeCting  the  manner  in  which 
Heat  is  propagated  in  water , in  explaining  the  means 
which  appear  to  have  been  ufed  by  the  Creator  of 
the  world  for  equalifing  the  temperatures  of  th^ 
different  climates,  and  preventing  the  fatal  effects' 
of  the  extremes  of  heat  and  of  cold  on  the  furface 
of  the  globe.  But  a mod  intereding  application 
remains  to  be  made  of  thefe  difcoveries,  to  chcmiflry ; 
— vegetation; — and  the  animal  economy; — and  to 
the  learned  in  thofe  branches  of  fcience  I beg  leave 
mod  earnedly  to  recommend  them.  If  I am  not 

much 


3 22 


Of  the  Propagation  of  Heat 

much  miftaken  they  will  throw  a new  light  on 
many  of  thofe  myfterious  operations  of  Nature,  in 
which  inanimate  bodies  are  put  in  motion — their 
forms  changed — their  component  parts  feparated, 
and  new  combinations  formed ; and  it  is  poffible 
that  they  may  even  enable  us  to  account,  on  me- 
chanical principles,  for  thofe  furprifing  appearances 
of  preference  and  predilection  among  bodies,  which 
without  ever  having  been  attempted  to  be  explained, 
have  been  diftinguifhed  by  the  appellation  of  chemi- 
cal affinity. 

Perhaps  it  will  be  found  that  every  change  of 
form,  in  every  kind  of  fubftance,  is  owing  to  Heat ; 
and  to  Heat  alone  : — that  every  concretion  is  a true 
congelation , efFe&ed  by  cold,  or  a diminution  of 
Heat ; — and  that  every  change  from  a folid  to  a 
fluid  form  is  a real  fufion.  That  the  difference  be- 
tween calcination  in  the  wet  and  in  the  dry  way,  is, 
in  faCt,  much  lefs  than  has  hitherto  been  generally 
imagined  ; and  that  no  metal  is  ever  diffolved  till  it 
has  firfl  been  melted. 

Perhaps  it  will  be  found,  that  the  apparent  vio- 
lence with  which  folid  bodies  of  fome  kinds  are  at- 
tacked by  their  liquid  folvents, — and  which  has,  I 
Relieve,  been  confidered  as  a proof  of  a flrong  che- 
mical affinity — is  not  owing  to  any  particular  at- 
traction, or  election,  but  to  the  confiderable  degree 
of  heat,  or  of  cold,  which  is  produced  in  their 
union  with  their  menftrua  ; or  to  a great  difference 
in  the  fpecific  gravity  of  the  menftruum  in  its  na- 
tural ftate,  and  that  of  the  fame  fluid  after  it  has 
been. changed  toafaturated  folution. 
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If  Fluids  are  non-condudors  of  Heat,  it  is  evident 
that,  if  any  change  of  temperature  takes  place  in 
chemical  folution,  it  muft  neceffarily  produce  cur- 
rents in  the  folvent ; and  that  thefe  currents  muft 
be  the  more  rapid,  as  the  change  of  temperature  is 
greater ; and  as  they  neceffarily  caufe  a fucceffion 
of  frefh  particles  of  the  folvent  to  come  into  contact 
with  the  folid,  it  is  evident, — all  other  things  being 
equal, — that  the  rapidity  of  the  procefs  of  folution 
will  be  as  the  rapidity  of  thefe  currents, — or  as  the 
change  of  temperature. 

But  the  currents  produced  by  the  difference  in 
the  fpecific  gravities  of  the  fluid  menftruum,  and 
of  the  faturated  folution,  have  perhaps,  in  general, 
a ftill  greater  effed  in  bringing  a rapid  fucceffion  of 
frefli  particles  of  the  menftruum  into  contact  with 
the  folid  body  that  is  diffolved  in  it,  than  thofe  pro- 
duced by  the  change  of  temperature. 

When  thefe  two  caufes  confpire  to  accelerate  the 
motion  of  the  fame  current,  or  when  their  ten- 
dencies are  in  the  fame  direction,  as  is  the  cafe  in 
the  folution  of  common  fea-falt  in  water, — the 
folution  ought  to  be  mod  rapid. 

When  common  fait  is  diflolved  in  water,  the  fpe- 
cific gravity  of  the  faturated  folution  is  greater  than 
that  of  pure  water,  and  will  therefore  defcend  in  it  -; 
and  cold  being  produced  in  the  procefs,  and  water 
being  a non-condudor  of  Heat,  the  fpecific  gravity 
of  the  faturated  folution  will  be  fill farther  increafcd, 
in  confequence  of  its  condenfation  with  this  cold, 
by  which  its  defcent  in  the  water  will  be  ftill  farther 
accelerated. 
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A curious  queftion  here  prefents  itfelf,  which,- 
could  it  be  refolved,  might  greatly  tend  to  elucidate 
this  abftrufe  fubjeCt  of  philofophical  inveftigation. 
Suppofmg  that,  in  a cafe  where  Heat  is  generated 
in  the  folution  of  a folid  in  a fluid  menftruum,  the 
addition  to  the  fpecific  gravity  of  the  menftruum, 
arifing  from  its  chemical  union  with  the  folid,  fliould 
fo  precifely  counter-balance  the  diminution  of  the 
fpecific  gravity  of  the  Fluid,  by  the  Heat  generated 
in  the  procefs,  that  the  hot  faturated  folution  fhould 
be  precifely  of  the  fame  fpecific  gravity  as  the  cold 
menftruum; — would,  or  would  not  the  procefs 
of  folution  be  poflible  under  fuch  circum- 
ftances  ? 

If  the  apparent  tendency  to  approach  each  other, 
which  we  fometimes  perceive  in  folids  and  their 
fluid  menftrua,  were  real ; — if  that  peculiar  kind  of 
attraction  of  predilection  which  has  been  called 
chemical  affinity,  has  a real  exiftence,  and  if  its  in- 
fluence reaches  beyond  the  point  of  actual  contadl , (as 
has,  I believe,  been  generally  fuppofed, ) as  there  is 
no  appearance  of  any  attraction  whatever,  or  affi- 
nity, between  any  folid  body,  and  a faturated  folu- 
tion of  the  fame  body  in  its  proper  menftruum,  it 
feems  probable  that  the  folution  would  take  place, 
— under  the  circumftances  defcribed  : but  fliould 
the  attraction  of  affinity,  according  to  the  definition 
of  it  here  given,  have  no  exiftence  in  fact,  (which 
is  what  I very  much  fufpeCt,)  in  that  cafe  it  is  evi- 
dent that  the  folution,  though  it  would  not  be  ab- 
folutely  impoffible,  would  be  fo  very  flow  as  hardly 
to  be  perceptible. 


It 


in  Fluids. 


325 

It  would  not  be  impojjible , becaufe  the  particles  of 
the  menflruum  in  immediate  contact  with  the  folid, 
though,  in  the  moment  of  their  faturation,  they 
would  have  no  tendency  to  move  out  of  their  places, 
yet,  as  they  would  by  degrees  neceffarily  give  off, 
to  the  undilfolved  part  of  the  folid,  a part  of  the 
Heat  acquired  in  the  chemical  procefs  by  which 
they  were  faturated,  being  condenfed  by  this  lofs  of 
Heat,  they  would,  at  length,  begin  to  defcend,and 
give  place  to  other  particles  of  the  menflruum  ; 
which,  in  their  turns,  would  follow  them,  but  with 
velocities,  however,  continually  decreafmg  ; — on 
account  of  the  gradual  augmentation  of  tempera- 
ture of  the  undiffolved  part  of  the  folid,  and  of  the 
Heat  communicated  by  that  folid  fubftance  to  the 
whole  mafs  of  the  liquid  menflruum. 

Though  it  would,  probably,  be  extremely  diffi- 
cult to  contrive  any  fingle  experiment,  from  there- 
fult  of  which  a fatisfadory  decifion  of  this  queflion 
could  be  obtained,  yet  it  does  not  appear  to  be  im- 
poffible  to  difcover  by  indired  means , the  principal 
fad  on  which  its  decifion  muft  depend. 

It  is  a well  known  fad,  that,  when  water  which 
holds  fea-falt  in  folution  is  mixed,  in  any  veffel, 
with  freffi  water,  the  fait  will,  after  a fhort  time,  be 
found  to  be  very  equally  diflributed  in  every  part  of 
the  whole  mafs ; and  I believe  that  it  has  been  ge- 
nerally confidered,  that  this  equal  diflribution  of  the 
fait  is  owing  to  the  affinity  which  is  fuppofed  to  exift 
between  fea-falt  and  water. 

Having  doubts  with  refped  to  the  exiflence  of 
this  fuppofed  attradion  ; and  fufpeding  that  the 

equal 
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equal  diflribution  of  the  fait  was  owing  to  a very 
different  caufe — the  internal  motions  among  the 
particles  of  the  water,  occafioned  by  accidental 
changes  of  temperature — I made  the  following 
Experiment,  which,  I fancy,  will  be  confidered  as 
decifive. 


Experiment , No.  57. 

I took  a cylindrical  glafs  jar,  4^  inches  in  diame-* 
ter,  and  7 { inches  high,  and  placing  it  in  the 
middle  of  another  cylindrical  glafs  jar,  inches 
in  diameter,  and  8 inches  high,  which  flood  in 
a very  fhallow  earthen  difh,  nearly  filled  with 
pounded  ice  and  water,  I placed  rhe  difh,  with  its 
contents,  on  a flrong  table,  in  an  uninhabited  room, 
in  a retired  part  of  the  houfe,  where  the  tempera- 
ture of  the  air,  which  was  the  fame,  with  very 
little  variation,  day  and  night,  was  at  about  36°  F. 
Having  prepared,  and  at  hand,  a quantity  of  the 
flrongefl  brine  I could  make  with  fea-falt,  which 
was  very  clear,  tranfparent,  perfectly  colourlefs, 
and  ice-cold ; and  alfo,  a quantity  of  frefh,  or 
pure  water,  — ice-cold,  lightly  tinged  of  a red 
colour  with  turnfol ; and  forne  ice-cold  olive-oil ; I 
firft  poured  as  much  of  the  frefh  water  into  the 
fmall  cylindrical  jar  as  was  neceffary  to  fill  it  up  to 
the  height  of  above  2 inches ; and  then,  by  means 
of  a glafs  funnel,  which  ended  in  a long  and  narrow 
tube*  by  introducing  this  tube  into  the  frefh  water, 
and  refling  it  on  the  bottom  of  the  jar,  I poured  a 
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quantity  of  the  brine,  equal  to  that  of  the  frefh 
wafer,  into  the  jar  ; and  in  performing  this  opera- 
tion I took  fo  much  care  to  do  it  gently,  and  with- 
out difturbing  the  frefh  water  already  in  the  jar,, 
that,  when  it  was  finifhed,  the  frefh  water,  which, 
as  it  was  coloured  red,  could  eafily  be  diftinguifhed 
from  the  brine,  remained  perfectly  feparated  from 
this  heavier  faline  liquor ; on  which  it  repofed 
quietly,  without  the  fmalleft  appearance  of  any 
tendency  to  mix  with  it. 

I now  filled,  to  the  height  of  about  5 inches, 
the  void  fpace  between  the  outfide  of  the  fmall  jar 
and  the  infide  of  the  large  jar  in  which  it  was 
placed,  with  ice-cold  water,  mixed  with  a quantity 
of  ice,  in  pieces  as  large  as  walnuts, — ^(pounded 
ice  would  have  obflrufted  the  view  in  obferving, 
through  the  Tides  of  the  large  jar,  what  palfed  in 
the  fmaller) — and  when  this  was  done,  I very  care* 
fully  poured  ice-cold  olive  oil*  into  the  fmaller  jar 
till  it  covered  the  furface  of  the  (tinged)  frefh  water 
to  the  height  of  about  an  inch  (fee  Fig.  5.  Plate  IV.); 
and  placing  myfelf  near  the  table,  in  a fituation 
where  I had  a diftinft  view  of  the  contents  of  the 
fmall  jar,  I fet  myfelf  to  obferve  the  refult  of  the 
Experiment. 

After  waiting  above  an  hour  without  being  able 
to  perceive  the  fmalleft  appearance  of  any  motion, 
either  in  the  brine,  or  in  the  frefh  w7ater,  (the  one 
continuing  to  repofe  on  the  other  with  the  moft 

* This  oil  ferved  not  only  to  keep  the  water  on  which  it  repofed, 
quiet ; but  alfo  to  present  any  communication  of  heat  between  it 
and  die  air  of  the  atmofphere. 
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perfect  tranquillity,  and  without  the  fmalleft  difpo- 
fition  to  mix  together)  I left  the  room. 

When  I returned  to  it  the  next  day,  I found 
things  precifely  in  the  ftate  in  which  I had  left 
them  ; and  they  continued  in  this  (late,  without 
the  fmalleft  appearance  of  any  change,  or  of  any 
difpofition  to  change,  durin gfour  days. 

At  the  end  of  that  time,  thinking  that  any  far- 
ther prolongation  of  the  Experiment  would  be 
quite  ufelefs,  I removed  the  fmall  jar,  taking  care 
not  to  agitate  its  contents,  and  placed  it  in  the  win- 
dow of  a room  heated  by  a German  ftove. 

In  lefs  than  an  hour  I perceived  that  the  brine 
and  the  (tinged)  frefh  water  began  to  mix,  and  at 
the  end  of  24  hours  they  were  intimately  mixed 
throughout,  as  was  evident  by  the  colour  of  the 
aqueous  fluid  on  which  the  oil  repofed  ; which 
now  appeared  to  the  eye  to  form  one  uniform  mafs 
of  a light  red  tint. 

I fhall  leave  it  to  philofophers  to  draw  their  own 
conclufions  from  the  refults  of  this  Experiment : 
In  the  mean  time,  there  is  one  fad  which  it  feems 
to  point  out  that  I fhall  juft  mention,  which  is  not 
only  curious  in  itfelf,  but  may  lead  to  very  impor- 
tant difcoveries.  It  appears  to  me  to  afford  ftrong 
reafons  to  conclude  that,  were  a lake  but  very  deep , 
its  waters,  near  the  furface,  would  neceffarily  be 
frefh,  even  though  its  bottom  fliould  be  one  folid 
xnafs  of  rock  fait. 

Would  it  be  ridiculous  to  make  Experiments  to 
determine  whether  the  water  at  the  bottom  of  fome 
very  deep  lakes  is  not  impregnated  with  fait  P 
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Should  it  be  found  to  be  actually  the  pafe,  it  might 
prove  an  unexhauftible  treafure  in  an  inland  coun- 
try, where  fait  is  fcarce. 

As  mines  of  rock- fait  are  often  found  in  the 
neighbourhood  of  frefh  lakes,  it  feems  reafonable 
to  fuppofe  that  the  waters  of  fuch  lakes  fhould 
fometimes  be  in  contact  with  ftrata  of  thefe  mines  ; 
and  when  I firft  began  to  meditate  on  this  fubjeCt, 
I was  much  furprifed, — not  that  the  fait  water 
which  may  lie  at  the  bottom  of  frefh  lakes  fhould 
not  already  have  been  difcovered, — for  from  the 
firft  I plainly  perceived  that  nothing  could  happen 
in  the  ordinary  courfe  of  things  that  could  bring  it 
to  the  light,  or  even  afford  any  grounds  to  fufpeCt 
its  exiftence  ; — but,  as  Jlrata  of  fait  mines  frequently 
lie  higher  than  the  mean  level  of  the  country,  I was 
furprifed  that  lakes  of  fait  water  fhould  not  more 
frequently  be  found  ; and  as  thefe  reflections  oc- 
curred to  me  after  I had  difcovered  what  appeared 
to  me  to  be  an  evident  proof  of  the  wifdom  and 
goodnefs  of  the  Creator  in  making  all  lakes  in  cold 
countries  frefh , I began  to  be  alarmed  for  the  fatal 
confequences  that  might  enfue,  if,  by  chance,  the 
fide  of  a lake  fhould  come  into  contaCt  with  a 
mountain  of  fait ; as  I faw  might  eafily  happen. 

Shall  I, — or  fhall  I not  attempt  to  give  my  reader 
an  idea  of  what  I felt,  when,  meditating  on  the 
fubjeCt,  and  almoft  beginning  to  repent  of  what 
many,  no  doubt,  have  already  condemned  as  the 
foolifh  dream  of  an  enthufiaftic  imagination,  I faw, 
all  at  once,  that  the  mod  effectual  care  had  been 
taken  to  prevent  the  evils  I apprehended ; — that 
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from  the  very  conflitution  of  things,  and  the  ordi- 
nary and  uniform  operation  of  the  known  laws  of 
Nature,  the  permanent  exijlence  of  a lake , salt  at 
the  surface,  is  abfolutely  impoffible  ; even  though 
it  fnould  be  furrounded  on  every  fide  by  mountains 
of  fait  * ? 

Though  the  explofion  of  a volcano,  an  earth- 
quake, or  any  other  great  convulfion,  by  which  the 
fhores  of  a lake  might  be  brought  into  contact  with 
a vaft  mine  of  fait,  might  caufe  the  whole  mafs 
of  its  water  to  be  fait  for  a time ; yet,  the  evil 
would  foon  effect  its  own  remedy  : The  falling  in 
of  the  cruft  of  earth  and  (tones  by  which  mines  of 
fait  are  every  where  found  to  be  covered,  (and 
without  which  they  could  not  exift)  would  very 
foon  cover  the  naked  fait,  and  the  water  at  the 
furface  of  the  lake  would  again  become  perfectly 
frefh.  Should,  however,  the  lake  be  fo  deep  that 
the  temperature  at  the  bottom  (liould  remain  the 
fame  fummer  and  winter,  without  any  fenfible  va- 
riation, it  is  mod  certain  that  its  waters  there — (at 
the  bottom  of  the  lake) — would  remain  perfectly 
faturated  with  fait  for  ever. 

But  are  there  not  fome  reafons  to  conclude  that 
the  water  at  the  bottoms  of  all  very  deep  lakes  ought 
neceflarily  to  be  fait,  even  in  fituations  where  there 
are  no  mines  of  fait  near  ? 

The  fea-(hells  that  are  frequently  found  in  high 
inland  fituations,  as  well  as  many  other  appear- 

* By  the  word  Lake  I mean,  as  is  eafy  to  perceive,  a colleftion  of 
water,  in  a high  inland  fituation,  from  which  there  is  a conlfant 
efflux. 
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ances  noticed  by  naturalifts,  ftrongly  indicate  that 
mod;  of  our  continents  have  been  covered  by  the 
waters  of  the  ocean.  Now  if  that  event  ever  hap- 
pened— however  remote  the  period  may  be  at 
which  it  took  place — it  feems  highly  probable  that 
the  fait  water  left  at  the  bottoms  of  all  deep  lakes, 
by  the  fea,  on  its  retiring,  mujl  be  there  now. 

I cannot  take  my  leave  of  this  fubjeft  without 
juft  obferving,  that  the  difcovery  of  the  impojfibility 
of  the  permanent  exigence  of  what  we  can  plainly 
perceive  would  be  an  evil,  certainly  ought  not  to 
diminijh  our  admiration  of  the  wifdom  of  the  great 
Architect  of  the  Univerfe. 
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CHAP.  II. 

Water  made  to  congeal  at  its  under  Surface. — Ob- 
fervation  refpeding  the  Formation  of  Ice  at  the 
Bottoms  of  Rivers. — Reafons  for  concluding  that 
Heat  can  never  he  equally  diflributed  in  any 
Fluid. — Perpetual  Motions  occafioned  in  Fluids  by 
the  unequal  Difir ibution  of  Heat. — An  inconceiv- 
ably rapid  Succeffion  of  Collifions  among  the  in- 
tegrant Particles  of  Fluids  is  occafioned  by  the  in- 
ternal Motions  into  which  Fluids  are  thrown  in  the 
Propagation  of  Heat. — An  Attempt  to  eftimate  the 
Number  of  thofe  Collifions  which  take  place  in  a 
given  Time.  — Thefe  Invejligations  will  greatly 
change  our  Ideas  refpeding  the  real  State  of  Fluids 
apparently  at  reft. — Fluidity  may  be  called  the 
Life  of  inanimate  Bodies.  — Conjedures  ref- 
peding the  Vital  Principle  in  Living  Animals  ; 
and  the  Nature  of  Phyfical  Stimulation. 

■^^hatever  the  mechanical  operation  may  in 
fad  be,  by  which  thofe  effeds  are  produced 
that  have  given  rife  to  the  idea  of  the  exiftence  of 
‘ an  attradion  of  affinity — (a  power  different  from 
gravitation) — between  folid  bodies  and  their  liquid 
menftrua,  and  between  different  portions  of  the 
fame  menftruum  differently  faturated  ; the  refult 
of  the  foregoing  Experiment  (No.  57)  proves  that 
two  particles  of  water  in  combination  with  very 
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different  quantities  of  fea-falt ; or  a particle  of 
water  faturated  with  fait,  and  another  perfe&ly  free 
from  fait,  mayhem  contact  with  each  other  for  any 
length  of  time  without  ffiowing  any  appearance  of 
a difpofition  to  equalize  the  fait  between  them. 

But  fhould  we  even  admit  as  a fad,  what  this 
Experiment  feems  to  indicate,  namely,  that  there 
is  no  fuch  thing  as  an  attraction  of  predilection  be- 
tween folids  and  their  fol vents ; and  that  all  thofe 
motions  which  have  been  attributed  to  the  action 
of  that  fuppofed  power, — (as  well  as  all  other 
motions  which  take  place  in  Fluids,) — are  the  im- 
mediate effects  of  gravitation  adting  according  to 
immutable  laws,  and  changes  of  fpecifc  gravity  by 
Heat;  yet  there  would  ftill  remain  one  great  diffi- 
culty in  explaining  chemical  folution.  As  all  me- 
chanical operations  require  a certain  time  for  their 
performance  ; and  as  the  motion  which  is  occafion- 
ed  in  a Fluid  by  a change  of  fpecific  gravity  in  any 
individual  particles  of  it,  begins  as  foon  as  the 
change  begins  to  take  place,  if  there  be  no  at- 
traction between  the  particles  of  folid  bodies  and 
the  particles  of  their  menftrua; — as  Heat  is  fuppofed 
to  be  generated  or  abforbed,  or,  to  fpeak  more 
properly, — both  generated  and  abforbed, — in  the 
contaCt  of  thofe  particles,  and  previous  to  the  com- 
pletion of  their  chemical  union  ; - how  does  it  hap- 
pen that  the  panicle  of  the  menftruum  whofe  fpe- 
cific gravity  is  neceffarily  changed  by  this  change 
of  temperature,  does  not  immediately  quit  the  folid, 
in  confequence  of  this  change ; and  before  the  pro- 
cefs  of  folution  has  had  time  to  be  completed? 
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A confideration  of  the  effe&s  of  the  vis  inertia 
of  the  particle  of  the  menftruum  whofe  fpecific 
gravity  is  thus  changed,  and  alfo  of  the  vis  inertia 
of  the  reft  of  the  Fluid,  and  the  refiftance  it  muft 
oppofe  to  the  motion  of  its  individual  folitary  par- 
ticles, would  furniffi  us  with  arguments  that  might 
be  employed  with  advantage  in  removing  this  diffi- 
culty ; but  I fancy  that  the  refult  of  the  Experi- 
ment of  which  I ffiall  prefently  give  an  account 
will  be  more  fatisfactory  than  any  reafoning,  un- 
fupported  by  fa£ts,  that  I could  offer  on  the 
fubjeft. 

When  a doubt  arifes  with  regard  to  the  poJJibiHty 
of  any  operation  of  a peculiar  kind,  which  is  fup - 
pofed  to  take  place,  in  any  procefs  of  nature  among 
thofe  infinitely  fmall  integrant  particles  of  bodies, 
which  efcape,  and  muft  ever  efcape,  the  cognizance 
of  our  grofs  organs,  however  they  may  be  affifted 
by  art,  the  fhorteft  way  of  deciding  the  queftion  is 
to  put  the  known  powers  of  nature  in  action  under 
fuch  circumftances  that  the  effects  produced  by 
them  muft  ffiow,  unequivocally,  whether  the  fup- 
pofed  operation  be  poffible,  or  not : and  if  it  be 
found  to  be  poffible  in  one  cafe,  we  may  then 
argue  with  lefs  diffidence  on  the  probability  of  its 
actually  taking  place  in  the  fpecific  cafe  in 
queftion. 

It  has  been  abundantly  proved  by  the  Experi- 
ments of  M.  de  Luc,  and  by  thofe  of  my  friend 
Sir  Charles  Blagden,  that  when  water,  in  cool- 
ing, has  arrived  at  the  temperature  of  about  41  °F. 
its  condenfation  with  cold  ceafes,  and  it  begins  to 
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expand  ; and  continues  to  expand  gradually  as  its 
temperature  goes  on  to  be  farther  diminilhed,  till 
it  is  changed  to  ice.  Availing  myfelf  of  that  mod 
important  difeovery,  I made  the  following  Experi- 
ment. 


'Experiment , No.  58. 

Having  poured  mercury , at  the  temperature  of 
6o°,.into  a common  glafs-tumbler,  till  this  Fluid 
flood  at  the  height  of  about  an  inch  ; I then  poured 
about  twice  as  much  water  (at  the  fame  temperature) 
upon  it;  and  placing  the  tumbler  in  a fhallow 
earthen  difh,  furrounded  it  to  the  height  of  the 
level  of  the  furface  of  the  mercury  with  a freezing 
mixture  of  fnow  and  common  fait.  Having  done 
this,  I was  very  curious  indeed  to  fee  in  what  part 
of  the  water  ice  would  firft  make  its  appearance. 

Could  it  be  at  the  upper  furface  of  it  ? That  ap- 
peared to  me  to  be  impoflible  ; for  the  Experiment 
being  made  in  a room  warmed  by  a German  flove, 
the  temperature  of  the  air  which  repoled  on  that 
furface  was  confiderably  above  the  point  at  which 
water  freezes. 

Could  it  be  at  its  lower  furface,  where  it  relied 
on  the  upper  furface  of  the  mercury  ? — If  that 
Ihould  happen,  it  would  Ihow,  that,  notwithlland- 
ing  the  diminution  of  the  fpecific  gravity  of  the 
water  in  palling  from  the  temperature  of  41°  to 
that  of  320;  and  the  tendency  which  this  diminu- 
tion gave  it  to  quit  the  furface  of  the  mercury 
from  the  inftant  when,  it  being  cooled  by  a con- 
tact with  it,  it  had  palled  the  point  of  41°;  yet 
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there  was  time  fufficient  for  the  congelation  to  be 
completed  before  the  particle  of  water  fo  cooled  could 
make  its  efcape. 

The  reader  will  naturally  conclude  from  what 
was  faid  in  the  preceding  page,  that  it  was  merely 
with  a view  to  the  determination  of  that  fingle  fad, 
that  this  Experiment  was  contrived  ; and  he  will 
perceive  by  the  refult  of  it  that  my  expectations 
with  regard  to  it  were  fully  anfwered. 

Ice  was  not  only  formed  at  the  bottom  of  the 
water , at  its  under  furface,  where  it  was  in  con- 
tad  with  the  cold  mercury ; but,  I found  on  re- 
peating the  experiment,  and  varying  it,  by  previ- 
oufly  cooling  the  mercury  in  the  tumbler  to  about 
io°,  that  boiling-hot  water , poured  gently  upon  it, 
was  inftantly  frozen,  and  gradually  formed  a thick 
cake  of  ice,  covering  the  mercury  ; though  almoft 
the  whole  of  the  mafs  of  the  unfrozen  water,  which 
refled  on  this  ice,  remained  nearly  boiling-hot. 

This  Experiment  not  only  determines  the  point 
for  the  decifion  of  which  it  was  undertaken  ; but 
alfo  enables  us  to  form  a juft  opinion  refpeding  a 
matter  of  fad  which  has  been  the  fubjed  of  a good 
deal  of  difpute. 

Though  many  accounts  have  been  publifhed  of 
ice  found  at  the  bottom  of  rivers,  yet  doubts 
have  been  entertained  of  the  poflibility  of  its  being 
formed  in  that  fituation.  From  the  refult  of  the 
foregoing  Experiment  it  appears  to  me  that  we  may 
fafely  conclude,  that,  if  after  a very  long  and  a 
very  fevere  frofl,  by  which  the  furface  of  the  ground 
has  not  only  been  frozen  to  a confiderable  depth, 
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but  alfo  cooled  feveral  degrees  below  the  freezing 
point,  a river  fhould  overflow  its  banks,  and  cover 
the  furface  of  ground  -previoufly  fo  cooled , ice 
would  be  formed  at  the  bottom  of  the  water : but  * 
all  the  Experiments  that  have  been  made  on  the 
congelation  of  water  (how  the  abfolute  impoflibi- 
lity  of  ice  being  ever  formed,  in  any  country,  at  the 
bottom  of  a river  which  confiantly  Jills  its  banks , 
or  which  never  leaves  its  bed  expofed,  dry,  to  the 
cold  air  of  the  atmofphere. 

By  reflecting  on  the  various  confequences  that 
ought  to  follow  from  the  peculiar  manner  in  which 
Heat  appears  to  be  propagated  in  Fluids,  we  are  led 
to  conclude,  that  it  is  almoft  impoffible  that  any 
Fluid  expofed  to  the  aCtion  of  light  fhould  ever  be 
throughout  of  the  fame  temperature,  though  its 
mafs  be  ever  fo  fmall  ; and  that  the  difference  in 
the  Heat  of  its  different  particles  muff:  occafion 
perpetual  motions  among  them. 

Suppofe  any  open  veffel, — as  a common  glafs 
tumbler  for  inftance, — containing  a piece  of  mo- 
ney, a fmall  pebble,  or  any  other  fmall  folid -opaque 
body,  to  be  filled  with  water,  and  expofed  in  a 
window,  or  elfewhere,  to  the  action  of  the  fun’s 
rays.  As  a ray  of  light  cannot  fail  to  generate 
Heat  when  and  where  it  is  flopped  or  abforbed, 
the  rays,  which,  entering  the  water,  and  palling 
through  it,  impigne  againft  the  fmall  folid  opaque 
body  at  the  bottom  of  the  veffel,  and  are  there 
abforbed , muff  neceflarily  generate  a certain  quantity 
of  Fleat ; a part  of  which  wall  penetrate  into  the 
interior  parts  of  the  folid,  and  a part  of  it  will  be 

commu- 
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communicated  to  thofe  colder  particles  of  the  water 
which  repofe  on  its  furface. 

Let  us  fuppofe  the  quantity  of  Heat  fo  commu- 
nicated to  one  of  the  integrant  particles  of  the  wa- 
ter to  be  fo  fmall,  that  its  effect  in  diminifhing  the 
fpecific  gravity  of  the  particle  is  but  juft  fufficient 
to  caufe  it  to  move  upwards  in  the  mafs  of  the 
liquid  with  the  very  fmalleft  degree  of  velocity  that 
would  be  perceptible  by  our  organs  of  fight,  were 
the  particle  in  motion  large  enough  to  be  vifible. 
This  would  be  at  the  rate  of  about  one  hundredth 
part  of  an  inch  in  a fecond. 

This  velocity,  though  it  appears  to  us  to  be  flow 
in  the  extreme,  when  we  compare  it  with  thofe 
motions  that  we  perceive  among  the  various  bodies 
by  which  we  are  furrounded,  yet  we  fhall  be  fur- 
prifed  when  we  find  what  a rapid  fucceflion  of 
events  it  is  capable  of  producing. 

If  we  fuppofe  the  diameter  of  the  integrant  par- 
ticles, or  molecules  of  water,  to  be  one  millionth 
part  of  an  inch — (and  it  is  highly  probable  that 
they  are  even  lefs — *) — in  that  cafe,  it  is  moft  cer- 
tain that  an  individual  particle,  moving  on  in  a 
quiefeent  mafs  of  that  Fluid  with  the  velocity  in 
queftion,  namely,  at  the  rate  of  T4rs-  part  of  an  inch 
in  i fecond,  would  run  through  a fpace  equal  to 

* Leaf  gold,  fucb  as  is  piepared  and  fold  by  the  gold-beaters, 
is  not  four  times  as  thick  as  the  diameter  here  aflumed  for  the  integrant 
particles  of  water.  Thefe  leaves  of  folid  metal  have  been  found  by 
computation  to  be  no  more  than  of  an  inch  in  thicknefs. 

blow  much  lefs  mull  be  the  diameter  of  the  integrant  particles  of 
gold  ? 
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ten  thoufand  times  the  length  of  its  diameter  in  one 
fecond , and  confequently  would  come  into  contact 
with  at  leaf!:  fix  hundred  thoufand  different  particles 
of  water  in  that  time. 

Hence  it  appears  how  inconceivably  fhort  the 
time  muft  be  that  an  individual  particle,  in  motion, 
of  any  Fluid,  can  remain  in  contact  with  any 
other  individual  particle,  not  in  motion,  againft 
which  it  ftrikes  in  its  progrefs  (however  flow  that 
progrefs  may  appear  to  us  to  be)  through  the 
quiefcent  mafs  of  the  Fluid  ! 

Suppofing  the  contact  to  laft  as  long  as  the 
moving  particle  employs  in  pafling  through  a fpace 
equal  to  the  length  of  its  diameter — which  is  evi- 
dently all  that  is  poflible  ; and  more  than  is  pro- 
bable; — then,  in  the  cafe  juft  ftated,  the  contact 
could  not  poflibly  laft  longer  than  T-o4-cnr  part  of  a 
fecond  ! This  is  the  time  which  a cannon  bullet, 
flying  with  its  greateft  velocity,  (that  of  160c  feet 
in  a fecond,)  would  employ  in  advancing  i inches. 

If  the  cannon  bullet  be  a nine  pounder , its  diame- 
ter will  be  four  inches  ; and  if  it  move  with  a ve- 
locity of  1600  feet  ( = 19200  inches)  in  a fecond, 
it  will  pafs  through  a fpace  juft  equal  to  4800  times 
the  length  of  its  diameter  in  1 fecond.  But  we 
have  feen  that  a particle  of  water  moving  T4-3-  of 
an  inch  in  a fecond  actually  pafles  through  a fpace 
equal  to  iooco  times  the  length  of  its  diameter  in 
that  time  : Hence  it  appears  that  the  velocity  with 
which  the  moving  body  quits  the  fpaces  it  occupies  is 
more  than  twice  as  great  in  the  particle  of  water, 
as  in  the  cannon  bullet ! 
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There  is  one  more  computation  which  may  be  of 
life  in  enabling  us  to  form  more  juft  ideas  of  the 
fubjeft  under  confideration, — and  furely  too  much 
cannot  be  done  to  enlighten  the  mind,  and  aflift  the 
imagination,  in  our  attempts  to  contemplate  thofe 
invifible  operations  of  nature  which  nothing  but 
the  fharpeft  ken  of  the  intelleftual  eye  will  ever  be 
able  to  detect  and  feize. 

As  fucceeding  events  which  fall  under  the  cog- 
nizance of  our  fenfes  cannot  be  diftingui/hed  if 
they  happen  oftener  than  about  ten  times  in  a fe- 
cond *,  it  appears  that  when  a particle  of  water 
moves  in  a quiefcent  mafs  of  that  fluid  at  the  rate 
of  -1-4-5-  part  of  an  inch  only,  in  one  fecond,  its 
fucceeding  collifions^  with  the  different  particles, 
at  reft,  of  that  fluid,  againft  which  it  ftrikes  as 
it  moves  on,  muft  be  fo  inconceivably  rapid  that 
no  lefs  than  one  thoufand  of  them  muft  actually  take 
place,  one  after  the  other , in  the  fhorteft  fpace  of 
time  that  is  perceptible  by  the  human  mind  f. 

After 


* This  adertion,  in  as  far,  at  lead,  as  it  relates  to  obje&s  of  fight, 
may  be  proved  by  the  following  eafy  experiments  Let  a wheel,  with 
any  known  number  of  fpokes,  be  turned  round  its  axis  with  fuch  a 
velocity  as  (hall  be  found  neceflary,  in  ordei  that  the  {pokes  may  dif- 
appear  or  become  invifible. — From  the  velocity  of  the  wheel,  and  the 
number  of  fpokes  in  it,  the  fa6t  will  be  decided. 

-f-  It  probably  will  not  ei'cape  the  obfervation  of  my  learned  readers, 
that  the  velocity  which  1 have  here  afiigned  to  the  fingle  particle  of 
water,  moving  upwards  in  that  fluid  in  confequence  of  a change  of  its 
fpecific  gravity  by  Heat,  though  apparently  very  final  1, — C-rso  Part 
an  inch  in  a fecond,)  — is,  however,  moll  probably  confiderably 
greater,  in  faft,  than  any  individual  folitary  particle  of  that  fluid 
could  poffibly  acquire,  in  the  fuppofed  circumftances,  by  any 
change  of  temperature,  however  great,  owing  to  the  refiltance  which 
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After  we  have  patiently  examined  the  refult  of 
thefe  inveftigations,  and  the  imagination  has  be- 
come familiarized  with  the  contemplation  of  the 
interefting  fa&s  they  prefent  to  it,  how  much  will 
our  ideas  be  changed  with  regard  to  the  real  ftate 
of  fluids  apparently  at  reft ! They  will  then 
appear  to  us  to  be,  what  no  doubt  they  really  are 
in  fad,  an  aflemblage  of  an  infinite  number  of 
infinitely  fmall  particles  of  matter  moving  continu- 
ally, or  without  ceafing,  and  with  inconceivable 
velocities. 

We  (hall  then  confider  fluidity  as  the  life  of  in- 
animate bodies , and  congelation  as  the  Jleep  of  death  ; 
— and  we  (hall  ceafe  to  afcribe  adive  powers,  or 
exertions  of  any  kind,  to  dead  motionlefs  matter. 

But  what  fliall  we  think  of  the  vital  principle  in 
living  animals  ? — Does  not  their  life  alfo  depend 
on  the  internal  motions  in  their  fluids,  occafioned 
by  an  unequal  diftribution  of  heat  ? — And  is  not 


would  neceflarily  be  oppofed  to  its  motion  by  the  quiefcent  particles 
of  the  fluid.  Aware  of  this  objection,  and  being  defirous  of  being 
prepared  to  meet  it,  I took  fome  pains  to  compute,  by  the  rules  laid 
down  by  Sir  Isaac  Newton  in  his  Principia,  book  ii.  feft.  vii., 
what  the  greateft  velocity  is  that  a folitary  particle  of  water  (fuppofed 
to  be  xoo&'&'G'b  an  ‘‘ich  'n  diameter)  could  poflibly  acquire  by  a 
given  change  of  its  fpecific  gravity  : And  I found  that  if  the  fpecific 
gravity  of  water  at  the  temperature  of  320  F.  be  taken  at  1 .00082,  and 
its  fpecific  gravity  at  8o°,  at  0.99759,  as  lately  determined  by  accu- 
rate experiments,  then,  a Angle  particle  of  water  at  the  temperature 
of  8o»,  fituated  in  a quiefcent  mal's  of  that  fluid  at  32 the  greateft 
velocity  this  hot  particle  could  acquire  in  moving  upw  .rds  in  confe- 
quence  of  its  comparative  levity  would  be  that  of  part  of  an 

inch  in  1 fecond.  This  is  at  the  rate  of  about  one  inch  and  an  half 
in  1 hour. — But  it  is  evident,  that  when  great  numbers  of  particles 
unite  and  form  currents,  they  will  make  their  way  through  the  qui- 
efcent fluids  with  greater  facility,  and  confequently  will  move  farter. 

Jlimulation , 
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Jlimulation , in  ail  cafes,  the  mere  mechanical  effedf 
of  the  communication  of  Heat  ? 

It  is  an  opinion  which  we  know  to  be  as  old  as 
the  days  of  Moses,  that  the  life  of  an  animal  refides 
in  its  blood ; and  it  is  highly  probable  that  it  dates 
from  a period  hill  more  remote.  It  was  lately 
revived  by  an  anatomift  and  phyfiologift,  (now  no 
more  *,)  who  was  eminently  diftinguilhed  for  faga- 
city  ; and  it  appears  to  me  that  the  late  difcoveries 
refpedting  the  manner  in  which  Heat  is  propagated 
in  Fluids  tend  greatly  to  elucidate  the  fubjedt,  and 
to  give  to  the  hypothefis  a high  degree  of  proba- 
bility. 

According  to  this  hypothefis — (as  it  may  now  be 
explained) — every  thing  that  increafes  the  inequa - 
lity  of  the  dijlribution  of  the  Heat  in  the  mafs  of 
the  blood — (even  though  it  fhould  not  immedi- 
ately augment  its  quantity) — ought  to  increafe  the 
intenfity  of  thofe  addons  in  which  life  confifts.  But 
are  there  not  many  ftriking  proofs  that  this  is  the 
cafe  in  fadt  ? 

Do  not  refpiration , — digejlion , — and  infenfible 
perfpiration  all  tend  evidently — (that  is  to  fay,  ac- 
cording to  our  affumed  principles,  with  regard  to 
the  manner  in  which  Heat  is  propagated  in  Fluids) 
— to  produce , and  to  perpetuate  this  inequality  of 
heat  in  the  animal  fluids  ? And  do  we  not  fee 
what  an  immediate  and  powerful  effedt  they  have 
in  increafing  the  intenfity  of  the  adtion  of  the 
powers  of  life  ? 
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If  animal  life  depends  eflentially  on  thofe  in- 
ternal motions  in  the  animal  fluids, — which,  as 
has  been  ftiown, — are  occafioned  by  the  differ- 
ence of  th t specific  gravities  of  their  integrant  par- 
ticles, or  molecules , arifing  from  their  different  tem- 
peratures ; — in  that  cafe,  it  is  evident  that  the 
vital  powers  would  be  ffrengthened,  or  their  adtion 
increafed,  either  by  heat , or  by  cold , properly  applied. 
But  is  not  this  found  to  be  the  cafe  in  fact  ? 
Does  not  the  drain  of  brandy  at  St.  Peterfburgh 
produce  the  fame  effects  as  the  draught  of  iced 
lemonade  at  Naples,  and  by  the  fame  mechanical 
operation,  but  adling  in  oppofite  directions  ? And 
does  not  the  lofs  of  Heat,  by  infenfible  perfpiration, 
contribute  as  efficacioufly  to  the  prefervation  of 
that  inequality  of  temperature  which  is  eflential  to 
life,  as  the  introduction  of  Heat  into  the  fyftem  in 
refpiration  ? 

Is  not  the  fudden  coagulation  of  blood,  when 
drawn  from  a living  animal,  and  are  not  all  the 
other  rapid  changes  that  take  place  in  it,  evident 
proofs  of  an  unequal  diftribution  of  Heat  ? And 
does  not  the  vfcofity  of  blood,  as  well  as  its  perpe- 
tual motions  in  the  vafcular  fyftem,  contribute 
very  powerfully  to  the  prefervation  of  that  in- 
equality ? 

Are  not  the  livid  fpots  on  the  furface  of  the 
body,  which  indicate  a beginning  of  mortification, 
produced  in  confequence  of  a feparation,  or  pre- 
cipitation of  the  heterogeneous  particles  of  the 
animal  Fluids,  according  to  their  fpecific  gravities 
and  individual  temperatures,  occafioned  by  reft, 
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or  an  interruption  of  circulation?  And  may  we 
not  emphatically  prQnounce  fuch  Fluids  to  be  dead? 

Would  not  any  liquid  in  which  Heat  were 
equally  diftributed  be  a fatal  poifon  if  injected 
into  the  veins  of  a living  animal  ? And  would 
not  this*  be  the  cafe  even  were  the  liquid  fo  in- 
jected a portion  ,of  the  animal’s  own  blood,  or  of 
the  lymph  or  any  other  of  its  component  parts, 
and  were  it  at  the  mean  temperature  precifely  of 
the  healthy  Fluids  circulating  in  the  veins  and  arte- 
ries of  the  animal  ? 

Is  not  glandular  fecretion  a true  precipitation  ? 
and  is  it  not  poffible  that  the  formation  of  the 
folids,  and  the  growth  of  an  animal  body,  may  be 
effected  by  a procefs  exa&ly  fimilar  to  conge- 
lation ? And  are  there  not  even  circumftances 
from  which  we  might  conclude,  with  a confider- 
able  degree  of  probability,  that  rnofl  of  thefe  con- 
gelations are  formed  at  or  about  the  temperature 
of  boiling  water  ? 

But  I forbear  to  enlarge  on  this  fubjeft.  I find  I 
have  unawares  entered  a province,  where,  if  I ad- 
vance farther,  I fhall  certainly  be  expofed  to  the 
danger  of  being  confidered  and  treated  as  an  in- 
truder ; and  I muft  haflen  to  make  my  retreat, 
which  I fhall  endeavour  to  effect  by  abruptly 
putting  an  end  to  this  Chapter. 
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CHAP.  III. 

# 

Probability  that  intenfe  Heat  frequently  exifts  in  the 
folitary  Particles  of  Fluids , which  neither  the 
Feeling  nor  the  Thermometer  can  detect. — cfhe  Eva- 
poration of  Ice  during  the  fevereft  Frojl  explained 
on  that  Suppoftion. — Probability  that  the  Metals 
would  evaporate  when  expofed  to  the  ElClion  of  the 
Sun’s  Rays  were  they  not  good  Conductors  of  Heat. 
— Mercury  is  actually  found  to  evaporate  under 
the  mean  temperature  of  the  Atmofphere. — This 
Fad  is  a Jiriking  Proof  that  Fluid  Mercury 
is  a Non-conduClor  of  Heat. — Probability  that  the 
Heat  generated  by  the  Rays  of  Light  is  always 
the  fame  in  Intenfity  ; and  that  thofe  EffeCls  which 
have  been  attributed  to  Light  ought  perhaps  in 
all  Cafes  to  be  afcribed  to  the  Action  of  the  Heat 
generated  by  them — A Jiriking  Proof  that  the 
moji  intenfe  Heat  does  fomctimes  exift  where  we 
Jhould  not  expeCl  to  find  it. — Gold  actually  melted 
by  the  Heat  which  exi/is  in  the  Air  of  the  Atmo- 
fphere , where  there  is  no  Appearance  of  Fire , or 
of  any  Thing  red-hot. — We  ought  to  be  cautious 
in  attributing  to  the  AClion  of  unknown  Powers , 
EffeCls  fimilar  to  thofe  produced  by  the  Agency  of 
Pleat. — The  moji  intenfe  Heat  may  exift  Without 
leaving  any  vifible  Traces  of  its  Exiflence  behind 
it • — This  important  FaCl  it iufi rated  by  the  necejfary 
Refult  of  an  imaginary  Experiment. 

T T ow  far  the  poffibility  of  the  communication  of 
Heat  between  the  integrant  particles  of  a Fluid 
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may  or  may  not  be  owing  to  the  extreme  mobU 
lity  of  thofe  particles,  and  to  the  infinitely  fhort 
time  that  two  of  them,  of  different  fpecific  gravi- 
ties, (owing  to  a difference  of  temperature)  can 
remain  in  contact,  I leave  others  to  determine  ; in 
the  mean  time,  it  is  moft  certain  that  the  exiftence 
of  this  impoffibility  of  any  immediate  communica- 
tion of  Heat  among  the  particles  of  a Fluid  renders 
the  diflribution  of  Heat  very  unequal  ; and  it 
feems  highly  probable  that  many  appearances 
■which  have  been  attributed  to  very  different  caufes* 
are  in  fa6l  owing  to  intenfe  Heat  exifting  and  pro- 
ducing the  effects  proper  to  it  in  fituations  where 
its  exiftence  has  not  even  been  fufpe&ed. 

If  Fluids  are  non-conductors  of  Heat,  no  fitu- 
ation  can  poflibly  be  more  favourable  to  its  pre- 
fervation  than  when  it  exifts  in  them  ; and  it  is 
not  only  evident  a priori  that  the  moft  intenfe 
Heat  may  exifl  in  a few  folitary  particles  of  fome 
Fluids,  without  its  being  poffible  for  us  to  detedl 
it,  or  to  difcover  the  fatt,  either  by  our  feeling  or 
by  the  thermometer  $ but  there  are  many  ap- 
pearances that  ftrongly  indicate,— and  others  that 
prove,  that  intenfe  Heat  adtually  does  exift  in  that 
concealed  or  imperceptible  date  very  often. 

There  is  no  reafon  to  fuppofe  that  it  is  poflible 
for  ice  to  be  reduced  to  fleam  without  being  pre- 
vioufly  melted  ; and  it  is  well  known  that  ice  can- 
not be  melted  with  a lower  degree  of  Heat  than 
that  of  3 2°  of  Fahrenheit’s  fcale  : but  in  the  midfl 
of  winter,  in  the  coldeft  climates,  and  when  the 
temperature  of  air  of  the  atmofphere,  as  fhown  by 
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the  thermometer,  has  been  much  below  3 i°r 
ice,  expofed  to  the  air,  has  been  found  to  evapo- 
rate. 

1 

How  can  we  account  for  this  event,  except  it  be 
by  fuppofmg  that  fome  of  the  particles  of  air,  which 
accidentally  (as  we  exprefs  it)  come  into  contact 
with  the  ice,  are  fo  hot,  as  not  only  to  melt  the 
fmall  particles  of  ice  which  they  happen  to  touch, 
but  alfo  to  reduce  a part  of  the  generated  water  to 
fleam,  before  it  has  time  to  freeze  again  ; or  by 
fuppofmg  that  this  is  effected  by  intenfe  Heat  gene- 
rated by  light  abforbed  by  fmall  projedling  points 
of  the  ice  ? As  ice  is  a very  bad  conductor  of  Heat, 
that  circumftance  renders  it  more  likely  that  the 
event  in  queftion  fhould  aflually  take  place,  in 
either  of  thefe  ways. 

If  the  metals  were  very  bad  conductors  of  Heat, 
inftead  of  being  very  good  conductors  of  it,  I 
think  it  more  than  probable  that  even  they  would 
be  found  to  evaporate,  when  expofed  to  the  a&ion 
of  the  direft  rays  of  the  fun  ; and  perhaps  alfo  in 
fituations  in  which  fuch  an  event  would  appear  flill 
more  extraordinary. 

Mercury  has  been  actually  found  to  evaporate 
under  the  mean  temperature  of  the  atmofphere ! — 
What  a flriking  proof  is  this  that  fluid  mercury  is  a 
non-condu£tor  of  Heat ; — and  alfo,  that  very  intenfe 
Heat  may  be  generated,  or  exifl,  where  it  would 
not  naturally  be  expelled  to  be  found.  And  does 
not  the  evaporation  of  water  under  the  mean  tem- 
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perature  of  the  atmofphere  afford  another  proof  of 
this  laft  fa£t? 

T.hat  the  moft  intenfe  Heat  is  often  excited  in 
very  final  I particles  of  folid  bodies  difperfed  about 
in  the  midff  of  maffes  of  cold  liquids  is  not  to  be 
doubted.  It  is  well  known  what  an  intenfe  Heat 
the  rays  of  the  fun  are  capable  of  exciting  ; and  it 
feenrs  to  be  highly  probable  that  Heat  actually  ex- 
cited' by  them  is  always  the  fame — that  is  to  fay — 
intenfe  in  the  extreme : but  when  the  rays  are  few, 
and  when  circumftances  are  not  favourable  to  the 
accumulation  of  the  Heat  they  generate,  it  is  often  fo 
foon  difperfed,  that  it  efcapes  the  cognizance  of  our 
fenfes,  and  of  our  inftruments ; and  fometimes 
leaves  no  vifible  traces  of  its  exigence  behind  it. 

Why  fhould  we  not  fuppofe  that  the  Heat  gene- 
rated by  a ray  of  light,  which,  entering  a mafs  of 
cold  water,  accidentally  meets  with  an  infinitely 
fmall  particle  of  any  folid  or  opaque  fubftance 
which  happens  to  be  floating  in  the  liquid,  and  is 
abforbed  by  it,  is  not  juft  as  intenfe  as  that  gene- 
rated in  the  focus  of  the  moft  powerful  burning- 
mirror,  or  lens  ? 

Mr.  Senebier  has  given  us  an  account  of  a great 
number  of  interefting  Experiments  on  the  effects 
produced  on  different  bodies  by  expofure  to  the 
direft  rays  of  the  fun  ; but  why  may  we  not  attri- 
bute all  thofe  effefts  to  the  intenfe  local  Heat,  gene- 
rated by  the  light  abforbed  by  the  infinitely  fmall — 
and;  if  1 may  ufe  the  expreflion — infulated  particles 
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of  the  bodies  which  were  found  to  be  affefted  by 
it? 

The  furface  of  wood  of  various  kinds  was  turned 
brown.  The  fame  appearances  might  be  produced 
in  a fhorter  time  by  the  rays  which  proceed  from  a 
red-hot  iron,  which  change  the  furface  of  the  wood 
to  an  imperfect  coal.  But  were  not  the  furfaces 
of  the  woods  which  were  turned  brown  by  the 
light  of  the  fun  in  Mr.  Senebier’s  experiments 
changed  to  an  imperfect  coal  ? — And  is  it  pofiible 
for  a Heat  lefs  intenfe  than  that  of  incandefcence  to 
produce  that  effect  ? 

Among  the  many  facts  that  might  be  adduced 
to  prove  that  the  mod;  intenfe  Heat  may,  and  fre- 
quently does  exi/l  where  we  fhould  not  expedt  to 
find  it,  the  following  appears  to  me  to  be  very 
ftriking  and  convincing.  It  is,  I believe,  generally 
imagined  that  the  intenfity  of  the  Heat  generated 
in  the  combuftion  of  fuel  is  much  lefs  in  a fmall 
fire,  than  in  a great  one ; but  there  is  reafon  to 
think  that  this  is  an  erroneous  opinion,  founded  on 
appearances  that  are  not  conclufive  j at  lead  it  is 
certain  that  the  intenfe  Heat  of  a large  fmelting 
furnace,  fuch  as  is  neceffary  for  melting  the  mod 
refra&ory  metals,  aflually  exifts  in  the  feeble  flame 
of  the  fmalleft  candle  : — and  what  may  appear  {fill 
more  extraordinary, — this  intenfe  degree  of  Heat 
often  exifts  in  the  air  of  the  atmofphere,  where  no 
‘vifible  figns  of  Heat  appear , as  I fhall  prefently  fhow. 

Iron  is  fully  red-hot  by  day-light  at  the  tempera- 
ture of  about  i ooo°  of  Fahrenheit’s  fcale ; brafs 
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melts  at  3807°, — copper  at  4587°, — filver  at 
47 1 70, —and  gold  at  52370;  and  nothing  is  more 
certain  than  that  the  Heat  mull  be  at  that  intenfity 
which  correfponds  to  the  5237th  degree  of  Fahren- 
heit’s fcale,  where  gold  is  found  to  melt . But  very 
fine  gold,  filver,  or  copper  wire,  flatted,  (fuch  as  is 
ufed  to  cover  thread  to  make  lace,)  melts  inftanta- 
neoufly  on  being  held  in  the  flame  of  a candle.  It 
will  even  be  melted  if  it  be  held  a few  feconds  over 
the  flame  of  a candle,  at  the  di/lance  of  metre  than  an 
inch  fro?n  the  top  of  the  flame , in  a place  where  there 
is  no  appearance  of  fire,  or  of  any  thing  red-hot. 

From  the  important  information  which  we  ac- 
quire from  the  refult  of  thefe  fimple  Experiments, 
we  fee  how  much  we  ought  to  be  on  our  guard  in 
forming  an  opinion  with  refpe£t  to  the  intenfity  of 
the  Heat  which  may  exifl  in  the  in vi Able  infulated 
particles  of  matter  of  any  kind  that  may  be  fcattered 
about  in  a given  fpace,— jor  which  may  float  in  any 
Fluid,  where  neither  our  feeling  nor  our  thermo- 
meters can  poflibly  be  fenfibly  affe£ted  by  it. 

A thermometer  can  do  no  more  than  indicate  the 
mean  of  the  different  temperatures  of  all  thofe  bodies  or 
particles  of  matter  which  happen  to  come  into  contact 
with  it.  If  it  be  fufpended  in  air,  it  will  indicate  the 
mean  of  the  temperatures  of  thofe  particles  of  air 
which  happen  to  touch  it ; but  it  can  never  give  us 
any  information  refpe&ing  the  relative  temperatures 
of  thofe  particles  of  air. 

If,  during  the  molt  intenfe  frofl,  a thermometer 
were  fufpended  in  the  neighbourhood  of  a burning 
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candle, — in  the  fame  room  for  inftance, — if  it  were 
placed  over  the  candle,  or  nearly  fo,  though  it  Ihould 
be  diftant  from  it  feveral  feet,  as  air  is  a ncn-con- 
dudtor  of  Heat,  there  is  not  the  fmalleft  doubt  but 
that  fome  folitary  panicles  of  air  heated  by  the 
candle  to  the  intenfo  Heat  of  melting  gold,  would 
reach  the  thermometer  ; but  neither  the  thermo- 
meter, nor  the  hand  held  in  the  fame  place,  could 
give  us  any  indication  of  fuch  an  event. 

As  it  appears  from  all  that  has  been  faid  that  in- 
tenfe  Heat  may  exijl  even  under  the  form  of fenfible 
Heat , where  its  prefence  cannot  be  difcovered  or 
detected  by  us  ; and  as  it  feems  highly  probable 
that  in  many  cafes,  where  its  exigence  may  efcape 
our  obfervation,  it  may  neverthelefs  be  capable  of 
producing  very  vifible  effects,  I think  we  ought 
always  to  be  much  on  our  guard  in  accounting  for 
effects  fimilar  to  thofe  which  are  known  to  be  pro- 
duced by  Heat ; and  never,  without  very  fufficient 
reafons,  attribute  them  to  the  agency  of  any  other, 
unknown  power  : and  this  caution  appears  to  me  to 
be  peculiarly  necefiary  in  accounting  for  thofe 
effects  which  have  been  found  to  be  produced  in 
various  bodies  when  they  are  expofed  to  the  aftion 
of  the  fun’s  rays. 

If  the  folar  rays  concentrated  in  the  focus  of  a 
lens,  when  they  are  made  to  fall  on, a piece  of 
wood,  inftantly  change  its  furface  to  a black  colour, 
and  reduce  it  to  charcoal,  why  may  we  not  con- 
clude that  the  change  of  colour  which  is  gradually 
pr  more  flowly  produced  in  the  fame  kind  of  wood, 

when 


i 


352  Of  the  Propagation  of  Heat 

when  it  is  fimply  expofed  in  the  fun-beams,  is  pro- 
duced in  the  fame  manner  ? 

The  difference  in  the  times  neceffary  to  produce 
fnnilar  effe&s  in  thefe  two  cafes  is  no  proof  that 
they  are  not -produced  in  the  fame  manner  ; for  if 
they  are  effected  merely  by  the  agency  of  Heat, 
(which  1 fuppofe)  then  the  effects  produced  in  any 
given  time  will  not  be  as  the  denfity  of  the  light, 
or  as  the  number  of  rays,  but  as  that  part  of  the 
Heat  generated,  which,  not  being  immediately  dif- 
perfed  or  carried  off  by  the  air,  has  time  to  pro- 
duce the  action  proper  to  it  in  the  wood  ; and  con- 
fequently  muff  be  incomparably  greater,  in  propor- 
tion, when  the  rays  are  concentrated,  than  when 
they  are  not. 

Lima  cornea  expofed  to  the  action  of  light 
changes  colour  ; — but  why  fhould  we  not  attribute 
this  change  to  the  expulfion  of  the  oxygen  united 
with  the  metal,  by  the  agency  of  the  Heat  generated 
by  the  light  ? To  remove  every  poiTible  objedtion 
to  this  explanation  of  the  phenomenon  nothing 
more  appears  to  be  neceffary  than  to  admit,  what 
is  well  known,  that  this  metallic  oxyd  may  be 
reduced,  without  addition,  with  fome  degree  of  Heat, 

• — and  that  this  fubftance  is  a bad  conductor  of 
Heat. 

Will  not  the  admiflion  of  our  hypothefis  re- 
fpe&ing  the  intenfity  of  the  Heat  which  is  fuppofed 
to  be  generated  where  light  is  flopped,  and  of  that 
refpecling  the  non-condudling  power  of  Fluids 
with  regard  to  Heat,  enable  us  to  account,  in  a 
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manner  more  fatisfadtory  than  has  hitherto  been 
done,  for  the  effects  of  the  fun’s  light  in  bleaching 
linen,  when  it  is  expofed  wet  to  the  a£tion  of  his 
direct  rays  ? as  alfo  for  the  reduction  of  thole  me- 
tallic oxyds  w'hich  have  been  found  to  be  revived 
by  expofure  to  light  ?— And  will  it  not  alfo  affift  us 
in  accounting  for  the  production  of  pure  air  in  the 
beautiful  Experiment  of  Doctor  Ingenhouz,  in 
which  the  green  leaves  of  living  vegetables  are  ex- 
pofed, immerfed  in  water,  to  the  fun’s  rays  ? 

Mr.  Senebier  has  Ihown  that  the  colouring  matter 
of  healthy  green  leaves  of  vegetables,  which  is 
extracted  from  them  by  fpirits  of  wine,  and  which 
tinges  the  fpirits  of  a beautiful  green  colour,  is 
deftroyed,  or  rather  changed  to  a dirty  brown 
colour,  in  a few  minutes,  ©n-expofmg  this  tindture 
in  a tranfparent  phial,  and  in  contact  with  pure  air , 
to  the  direct  rays  of  a bright  fun  : — but  why  fhould 
we  not  confider  this  procefs  as  a real  combuftion  ? 

The  Heat  acquired  by  the  liquid, — which,  as  I 
have  often  perceived  in  repeating  the  Experiment, 
is  very  confiderable, — and  the  necellity  there  is  for 
the  prefence  of  pure  air , that  the  Experiment  may 
fucceed,  feem  to  indicate  that  fomething  very  like 
combuftion  mult  take  place  in  it. 

If  liquids  are  non-condudtors  of  Heat,  they  ought 
certainly,  on  that  account , to  be  peculiarly  well  cal- 
culated for  confining,  and  confequently  furthering 
the  operations  of  that  Heat  which  is  generated  by 
light,  or  by  any  other  means,  in  their  integrant  par- 
ticles, or  in  the  infinitely  fmall  and  infulated  par- 
ticles 
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tides  of  other  bodies  that  are  difperfed  about,  or 
held  in  folution  in  them  ; as  I have  already  more 
than  once  had  occafion  to  obferve. 

If  this  fuppofition  be  admitted,  a very  great  diffi- 
culty will  be  removed  in  accounting  for  chemical 
folution  on  the  hypothefis  that  the  change  of  form 
from  a folid  to  a fluid  Hate  is  in  all  cafes  a real  fu- 
fion  ; or  tfat  it  is  affeded  by  the  foie  agency  of 
Heat ; and  that  concretion,  or  cryftallization,  is 
a procefs  in  all  refpeds  perfedly  analogous  to 

There  are  but  three  forms  under  which  fenfible 
bodies  are  found  to  exifl; ; — namely,  that  of  a 
folid — that  of  a fluid — and  that  of  an  elaflic  fluid, 
or  gas  ; and  it  is  well  known  that  every  fubftance 
with  which  we  are  acquainted— all  ponderable  mat- 
ter without  exception, — is  capable  of  exifling  alter-? 
nately  under  all  thofe  forms  indifferently  ; and  that 
the  form  under  which  it  appears  at  any  given  time 
depends  on  its  temperature  at  that  time. 

We  know  farther  that  every  identical  fubftance 
undergoes  thefe  different  changes  of  form  at  certain 
fixed  temperatures  : and  when  we  confider  the 
jubjed  with  attention  we  fhall  find  that,  had  not 
thefe  temperatures  been  fixed — and  had  they  not 
been  different  in  different  bodies , it  would  have 
been  utterly  impoffible  for  us  to  have  identified 
any  fubftance  whatever. 

Perhaps  this  is  the  only  effential  difference  that 
really  exifts  among  bodies  that  appear  to  us  to  be 
different. 
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But  not  only  the  degrees  of  Heat,  or  points  in 
the  fcale  of  temperature,  at  which  the  forms  of  dif- 
ferent bodies  are  changed,  are  various ; but  the 
extent  of  the  variation  of  temperature  under  which  a 
fubftance  can  preferve,  or  continue  to  maintain  its 
form  in  its  middle  Jlate , — that  of  fluidity — -or  rather 
liquidity , — is  very  different  in  different  bodies:  and 
this  laft  circumftance  has  a wonderful  eftied  in  in- 
creating  the  variety  of  the  competitions  and  decom- 
pofitions  which  are  continually  taking  place  in  the 
various  operations  of  nature  on  the  furface  qf  the 
globe. 

Another  circumflance,  not  lefs  prolific  in  events, 
is  the  union  which  takes  place  between  bodies  of 
different  kinds  ; and  thofe  mod  important  changes 
in  regard  to  the  degrees  of  Heat  which  the  bodies 
fo  united  can  fupport  without  having  their  forms 
changed,  which  are  found  to  refult  from  fuch 
union. 

When,  to  the  eflablifhed  laws  which  have  been 
difeovered  in  the  operations  of  nature  in  the  change 
of  form  in  fubflances  that  appear  to  us  to  be fimple\ 
we  add  thofe  which  have  been  found  to  obtain  in 
the  changes  of  form  of  bodies  that  are  known  to  be 
compounded , we  (hall  perhaps  be  able  to  conceive 
fome  more  diflind  ideas  with  regard  to  the  nature 
of  thofe  mechanical  operations  which  take  place  in 
chemical  proceffes. — I call  them  mechanical for 
mechanical  they  mufl  of  neceflity  be,  according  to 
the  moft  rigid  interpretation  of  that  expreffion. 

But  the  hypothetic  of  the  exiflence  of  intenfe 
Heat  in  the  midft  of  cold  liquids  is  fo  new,  and 
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feems  to  be  fo  contrary  to  the  refult  of  all  our  ex* 
perience  and  obfervation,  that  I feel  it  to  be  necef- 
fary  to  take  forne  pains  to  illuflrate  the  matter. 

And  firfl,  we  muff  not  expert  always  to  find 
traces  remaining  of  the  exiftence  of  intenfe  Heat, 
even  where  there  are  the  ftrongeft  reafons  to  think 
it  has  actually  exifted  ; for  as  often  as  Heat  is  dif- 
perfed,  or  carried  off,  before  it  has  had  time  to  pro- 
duce any  changes  of  form , or  chemical  changes  or 
combinations  in  the  bodies  to  which  it  is  commu- 
nicated, it  leaves  no  marks  behind  it. 

Fire-arms  are  often  found  to  mifs  fire,  even  when 
many  live  fparks  from  the  flint  and  fteel  actually 
fall  into  the  pan  among  the  priming  ; but  nobody, 
furely,  will  pretend  that  the  fmall  particles  of  red- 
hot  iron  which  fall  among  the  grains  of  the  gun- 
pow'der,  and  cool  in  contact  with  them,  are  not  in- 
tenfely  hot ; — incomparably  more  fo  than  would  be 
neceflary  to  inflame  the  powder  were  their  Heat  of 
fufficient  duration  to  produce  that  effect.  Had  thefe 
fmall  fparks  been  invifible,  it  is  highly  probable  that 
their  exiftence  would  never  have  been  fufpefted, 
and  that  the  fadt  which  they  prove  would  not  have 
been  believed. 

That  gunpowder  may  be  inflamed,  it  is  neceflary 
that  the  fulphur  which  conftitutes  one  of  its  compo- 
nent parts  fhould  be  firfl  melted , and  then  boiled ; 
for  it  is  the  vapour  of  boiling  fulphur  which  always 
takes  fire  when  gunpowder  is  kindled. 

Were  melted  fulphur  a conductor  of  Heat,  there 
is  reafon  to  think  that  gunpowder  would  be  very 
far  from  being  fo  inflammable  as  we  find  it  to  be. 

As 


357 


in  Fluids . 

As  thofe  who  have  not  been  much  accuftomed 
to  meditate  on  the  fubjecl  under  confideration  may 
find  foine  difficulty  in  conceiving  how  it  is  poffible 
for  intenfe  Heat  to  be  excited  in,  or  to  exijl  in  the 
midft  of  a mafs  of  any  cold  liquid,  as  of  water  for 
inftance,  without  immediately  producing  vifible  ef- 
fe£ls,  I feel  it  to  be  my  duty  to  put  that  matter  in 
the  cleared;  light  poffible,  and  to  fhdw  that  what  I 
have  confidered  as  being  probable  is  mod:  undoubt- 
edly very  far  from  being  impoffible. 

The  bed;  method  of  proceeding  in  inquiries  of 
this  kind,  where  the  principle  object  is  to  difeover 
whether  a fuppofed  event,  which,  from  its  nature, 
cannot  fall  under  the  cognizance  of  our  fenfes,  is, 
or  is  not  poffible,  feems  to  me  to  be,  to  begin  by 
fuppofmg  the  event  to  have  a&ually  taken  place, 
and  then  to  trace  its  necedary  confequences,  and 
compare  them  with  thofe  appearances  which  are 
actually  found  to  take  place. 

Adopting  this  method,  we  will  fuppofe  a quantity 
of  pure  water,  at  the  mean  temperature  of  the  at- 
mofphere  in  England,  that  of  55° F.,  to  be  put  into 
a clean  and  very  tranfparent  glafs  tumbler,  placed 
in  a window  and  expofed  to  the  direct  rays  of  the 
fun.  If  the  glafs  and  the  water  are  both  perfectly 
tranfparent , it  is  evident  that  no  Ideat  will  be  gene- 
rated in  either  of  them  by  the  fun’s  light. 

If  now  a fmall  particle  of  any  opaque  folid  body 
be  fufpended  in  the  midd:  of  the  water  in  the  tum- 
bler ; thofe  rays  of  light,  which  impinging  againft 
it,  are  abforbed  by  it,  mult  neceffarily  generate 
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Heat  in  the  very  moment  when  they  are  flopped. 
This  is  an  incontrovertible  fad,  which  nobody  will 
difpute. 

In  order  to  render  this  imaginary  Experiment 
more  interefting,  we  will  fuppofe  the  folid  body  put 
into  the  water  to  be  a fmall  particle  of  yellow  am- 
ber j and  that  its  fpecific  gravity  is  fo  exadly  equal 
to  that  of  the  water  that  it  has  no  tendency  to  move 
in  it,  either  upwards  or  downwards,  and  confequently 
will  remain  in  the  fituation  where  it  is  placed,  with- 
out being  fufpended  ; and  we  will  fuppofe  farther, 
that,  this  folid  particle  of  amber  is  nearly  globular^ 
and  TTVo  °f  an  inch  in  diameter,  which  is  juft  equal 
to  the  diameter  of  a Angle  thread  of  filk,  as  fpun  by 
the  worm  ; and  is  probably  one  of  the  fmalleft  ob- 
jects that  is  perceptible  by  the  human  eye,  unafiifted 
by  art. 

As  it  is  evident  that  Heat  muft  be  generated,  or 
excited,  in  this  fmall  particle  of  amber,  by  the  light 
it  flops  or  abforbs,  the  points  which  remain  to  be 
difcuffed  are,  therefore,  what  its  intenfity  is  at  the 
moment  of  its  exiftence  ? and  what  are  the  effeds 
which  it  ought  to  produce  in  confequence  of  that 
intenfity  ? 

The  reafons  have  already  been,  mentioned  which 
render  it  probable  that  when  heat  is  generated  by 
the  rays  of  light  its  intenfity,  where  it  is  generated — 
and  before  it  has  been  diminilhed  in  confequence 
of  its  difperfion,  is  always  the  fame  : and  taking 
it  for  granted  that  this  is  the  cafe  in  fad,  we  will 
endeavour  to  trace  the  operations  of  that  Heat, — 
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extreme  in  its  intenfity,  or  degree,  but  fmall  in  re- 
gard to  its  quantity,  or  to  the  fpace  it  occupies, — 
v^hich  is  generated  in  the  particle  of  amber  in  the 
Experiment  under  confederation. 

As  this  Heat  mu  ft  fir  ft  exift  where  it  is  gene- 
rated, it  is  evident  that  it  muft  exift  at  the  furface 
of  the  particle  of  amber ; and  as  all  folid  bodies 
are,  in  a greater  or  lefs  degree,  conductors  of  Heat, 
a part  of  this  Heat  will  penetrate  the  fubftance  of 
the  folid  particle,  while  another  part  of  it  will  be  * 
carried  off  by  the  cold  particles  of  water  in  contact 
with  the  furface  thus  heated  by  the  light. 

It  remains  therefore  to  be  determined  what  the 
effets  are  which  this  Heat  fo  abforbed,  on  the  one 
hand,  by  the  folid  particle  of  amber,  and  commu- 
nicated to  the  water  on  the  other,  ought  neceffarily 
to  produce.  And  firft,  if  the  difperiion  of  the 
Heat  by  both  thefe  means  fhould  be  fufficiently 
rapid  to  prevent  its  accumulation  to  fuch  a degree 
as  to  melt  the  amber,  it  is  evident  that  no  vifible 
effects  by  which  its  exiftence  could  be  difcovered 
would  be  produced  in  that  fubftance ; and  this 
event — (the  fufion  of  the  amber) — will  depend  on 
three  circumftances ; namely,  Firft,  on  the  tempe- 
rature at  which  amber  melts  ; — Secondly , on  the 
facility  with  which  Heat  expands  and  is  difperled 
in  a folid  mafs  of  that  fubftance,  or  on  its  conduct- 
ing power ; — and  Thirdly,  on  the  rapidity  with 
which  the  Heat  generated  at  the  furface  of  the 
amber  is  carried  off  by  the  cold  Fluid  in  which  it  is 
immerfed. 
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Though  I do  not  think  there  would  be  any  rea- 
fon  for  furprife,  even  admitting  the  exiftence  of  the 
fuppofed  intenfe  Heat,  fhould  the  amber  be  found 
not  to  be  melted  under  the  circmmftances  defcribed; 
yet  it  appears  to  me  to  be  extremely  probable, 
that  if  amber,  in  a very  fine  powder,  were  mixed 
with  any  tranfparent  oil,  capable  of  fupporting  a 
great  degree  of  Heat  without  being  reduced  to 
vapour,  and  expofed  in  it  to  the  direct  rays  of  a 
very  bright  fun,  the  amber  would  melt,  and  be  dif- 
folved,  though  perhaps  very  flowly. 

But  if  amber  does  not  melt  when  expofed  in 
water  to  the  a£tion  of  the  fun’s  beams,  and  confe- 
quently  fuffers  no  vifible  change  by  which  the  ex- 
iftence of  the  Heat  fuppofed  to  be  generated  at  its 
furface  by  the  light  can  be  detected,  ought  not  this 
Heat,  were  it  in  fa£t  as  intenfe  as  it  is  fuppofed  to 
be,  to  produce  fome  vifible  effects  in  the  water,  by 
which  its  exiftence  would  neceflarily  be  difcovered  ? 

To  refolve  this  doubt,  we  muff;  inquire  what 
vifible  effe&s  it  would  be  poflible  for  the  Heat  in 
queftion  to  produce  in  the  water.  Now  if  we  fup- 
pofe  the  water  not  to  be  decompofed  by  this  Heat, 
which,  as  no  chemical  change  is  fuppofed  to  take 
place  in  the  amber,  cannot  happen,  the  only  effect 
this  Heat  can  poflibly  produce  on  the  water  is  an 
increafe  of  its  temperature,  which  increafe  muff, 
however,  be  much  too  fmall  to  be  detected,  either 
by  the  feeling,  or  by  the  thermometer. 

It  might  perhaps  be  expected  that  fleam  would 
be  found  at  the  heated  furface  of  the  particle  of 
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amber,  and  become  vifible  j but  when  we  confider 
the  matter  for  a moment,  we  fhall  fee  that  it  is 
quite  impoflible  that  fuch  an  event  fhould  happen; 
for  even  on  the  fuppofition  (which  however  is  far 
from  being  probable) — that  the  fame  individual 
particles  of  water  which  come  into  contadl  with  the 
hot  furface  of  the  amber  fhould  remain  in  contact 
with  it  till  their  temperatures  lhould  gradually  be 
raifed  to  that  point  at  which  water  is  changed  to 
fleam  ; yet,  from  the  extreme  rapidity  with  which 
fleam  condenfes  when  in  contafl  with  cold  water, 
it  is  evident  that  it  could  not  exill  an  inflant  under 
the  circumftances  here  fuppofed.  Indeed  we  have 
dire£l  proofs  that  fleam  cannot  exill  under  fuch  cir- 
cumllances,  by  what  is  found  to  happen  when  large 
maffes  of  iron,  or  Heel,  raifed  to  a mod  intenfe 
heat,  in  a blalt  furnace,  are  fuddenly  plunged  into 
cold  water,  by  fmiths,  in  tempering  edge-tools ; for 
thefe  maffes  of  red-hot  metal  may  be  diftinclly  feen 
to  be  in  actual  contact  with  the  cold  water  ; and  did 
not  a part  of  the  water,  which  is  decompofed  by  the 
hot  iron,  make  its  efcape  in  the  form  of  inflamma- 
ble air,  it  is  not  probable  that  there  would  be  any 
vifible  appearance  from  which  the  formation  of 
fleam  could  be  fufpecled. 

Hence  we  fee  the  pojfbility  of  the  exillence  of 
intenfe  Heat  in  the  midfl  of  a mafs  of  cold  water, 
or  of  any  other  tranfparent  liquid,  without  pro- 
ducing any  'vifible  ejfefts  ; or  leaving  behind  it  any 
traces  by  which  its  exillence  could  be  fufpe&ed. 

Let  us  now  confider  a cafe  in  which  this  intenfe 
Heat,  though  perfe&ly  imperceptible  on  account 
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of  the  extreme  minutenefs  of  the  particles  of  mat- 
ter in  which  it  exiffs,  is  capable  neverthelefs  of  pro- 
ducing very  vifible  effects.  Let  us  fuppofe  a folu- 
tion  of  nitro-muriate  of  gold,  in  water,  to  be  ex- 
pofed  to  the  attion  of  the  fun’s  rays.  If  this  fo- 
lution  were  perfectly  tranfparent,  no  Heat  could 
poffibly  be  generated  in  it  by  light ; but  as  it  is  not 
fo,  Heat,  in  the  higheft  degree  of  intenfity,  mull 
neceffarily  be  generated  by  thofe  opaque  particles 
(of  the  oxyd  of  gold)  by  which  it  is  flopped.  Now 
as  gold  is  a very  heavy  fubftance,  it  is  evident 
that  it  niufl  be  reduced  to  extremely  fmall  par- 
ticles, in  order  that,  when  changed  to  an  oxyd  by 
its  union  with  oxygen,  it  may  be  diffolved  in  and 
continued  fufpended  in  water  ; and  it  is  clear  that 
the  fmaller  any  infulated  particle  of  matter  is,  at 
the  furface  of  which  Heat  is  generated  in  confe- 
quence  of  the  abforption  of  light,  the  more  fud- 
denly  mu  ft  the  Heat  fo  generated  be  difperfed 
through  the  whole  fubftance  of  the  particle,  and 
the  more  equally  and  more  intenfely  muft  that  par- 
ticle be  heated : from  hence  it  appears  evidently, 
that  if  the  particles  of  the  oxyd  difperfed  about  in 
the  water  are  but  fmall  enough , the  Heat  generated 
in  them  by  the  fun’s  rays  will  be  fufficient  to 
expel  the  oxygen  united  to  the  gold,  and  revive 
that  metal. 

There  is  one  very  obvious  obje&ion,  that  will 
doubtlefs  be  made  to  this  conclufion,  which,  how- 
ever, may  eafily  be  removed.  The  particle  of  the 
metallic  oxyd  which  is  fuppofed  to  be  heated,  is  in 
conta£f  with  the  water  5 how  does  it  happen  that 

a great 


in  Fluids. 


363 

a great  part  of  this  Heat  does  not  immediately  pais 
off  into  that  cold  Fluid  ? I might  anfwer,  becaufe 
both  water  and  fleam  are  non-condu£lors  of  Heat ; 
— and  might  adduce  in  fupport  of  this  reafon  the 
well  known  facl,  that  a drop  of  water  dropped  on 
a piece  of  iron,  heated  to  mofl  intenfe  white  Heat, 
will  remain  fome  time  on  the  iron  without  being 
evaporated,  even  confiderably  longer  than  if  the 
iron  were'  much  lefs  hot ; — but  a circumflance 
attending  the  beautiful  Experiment  in  which  iron 
is  burned  in  oxygen  gas,  affords  a more  diredl 
proof  of  the  fact  in  queftion. 

As  this  Experiment  is  commonly  made,  the  iron, 
which  is  a piece  of  fmall  wire,  a few  inches  long, 
is  introduced  into  a bottle,  with  a narrow  neck, 
which  contains  the  oxygen  gas ; the  wire  being 
fixed  in  its  place,  by  caufing  its  upper  end  to  pafs 
through  a cork  flopple,  which  is  fitted  to  the  mouth 
of  the  bottle.  The  lower  end  of  the  wire  is  pointed ; 
and  it  is  fet  on  fire  by  being  firft  heated  in  the  flame 
of  a candle,  and  then  plunged  fuddenly,  while  red- 
hot,  into  the  bottle.  The  combuftion  begins  the 
moment  the  end  of  the  wire  enters  the  oxygen  gas  ; 
and  the  metal  continues  to  burn  with  the  utmofl 
violence,  and  with  a copious  emiffion  of  intenfe 
white  light,  till  the  wire,  or  till  all  the  gas  is  con- 
fumed,  affording  one  of  the  mofl  brilliant  and  mofl 
interefling  fights  that  can  be  imagined. 

The  produfl  of  this  combuftion  is  the  oxygena* 
pon  of  the  iron ; and  this  metallic  oxyd,  in  a ftate 
of  fufion,  and  heated  to  the  moll  intenfe  white  Heat, 
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falls  to  the  bottom  of  the  bottle  in  globules  of  dif- 
ferent fizes. 

To  protect  the  glafs  againfl  thefe  drops  of  calx 
of  iron  in  fufion,  it  is  ufual  to  leave  a quantity  of 
cold  water  in  the  bottle,  enough,  for  inflance,  to 
cover  its  bottom  to  the  height  of  about  an  inch  : 
but  I have  frequently  feen  numbers  of  thefe  glo- 
bules, much  fmaller  than  peas,  which  have  not  only 
defcended  red-hot  through  the  water ; but  have  re- 
mained red-hot  at  the  bottom  of  the  bottle,  fur- 
rounded  by  the  water,  at  leaft  two  or  three  feconds  j 
and  adually  melted  the  glafs  on  which  they  repofed, 
(and  as  far  as  I can  recoiled,)  without  producing 
the  fmallell  appearance  of  fleam. 

The  water  could  not  be  decompofed,  for  the  iron 
was  already  faturated  with  oxygen. 

This  Experiment  will,  I fancy,  be  confidered  as 
affording  an  indifputable  proof  that  intenfe  Heat 
may  exifl,  at  leafl  for  a fhort  time,  in  a fmall  par- 
ticle of  matter  furrounded  by  a cold  Fluid. 

Now,  as  it  has  been  found  by  actual  Experiment, 
that  when  a folution  of  nitro-muriate  of  gold  in 
water  is  expofed  to  the  action  of  the  fun’s  rays,  the 
gold  is  revived  ; and  as  it  is  known  that  an  oxyd  of 
gold  may  be  reduced  in  the  dry  way,  without 
addition,  or  merely  by  intenfe  Heat,  why  fhould  we 
not  conclude  that  it  is  merely  by  Heat  that  that 
metal  is  revived  in  the  cafe  under  confideration, — 
and  that  the  intenfity  of  the  Heat  by  which  this 
oxygenation  is  effeded,  is  precifely  the  fame  in  both 
cafes  ? 
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Should  this  fuppofition  be  admitted,  we  might, 
perhaps,  venture  to  proceed  one  ftep  farther,  and 
confider  the  nature  and  progrefs  of  the  mechanical 
operations  which  take  place  in  difoxygenation  of 
metals,  or  their  precipitation  from  a folution  of 
their  oxyds,  when  that  operation  is  effected  by  means 
of  Heat  generated, — not  by  light, — but  by  the  con- 
tact or  union  of  infinitely  fmall  particles  of  bodies, 
different  in  kind,  and  difpofed  to  generate  or  to 
abforb  fenfible  Heat  on  coming  together  ; which 
particles  being  difperfed  about  in  the  liquid  folution, 
and  in  the  fubftance  added  to  it  to  effedl:  the  preci- 
pitation, are  by  this  mixture  brought  into  contact. 

This  would  naturally  lead  us  to  an  examination 
of  the  phenomena  of  folution, — and  thofe  clearly 
underftood  would,  no  doubt,  give  us  a diftindt  view 
of  the  mechanical  operations  by  which  thofe  ten- 
dencies to  union  are  effected,  which  have  been 
defignated  under  the  name  elective  attradion. 

But  how  arduous  an  undertaking ! what  intenfe 
ftudy ! — what  efforts  of  the  imagination  would  be 
neceffary  to  trace  out  and  form  diftindt  ideas  of 
fuch  a fucceflion  of  events,  all  perfectly  impercep- 
tible by  our  organs,  though  affifted  by  all  the 
refources  of  art ! 

Senfible  of  my  own  weaknefs,  I dare  not  proceed 
any  farther. — Perhaps  it  will  be  thought  that  I 
have  already  advanced  much  too  far  ; — but  it  is 
right  that  I fhould  acknowledge  fairly,  that  in  the 
prefent  cafe,  the  temerity  I have  Ihown  has  not 
been  entirely  without  defign. 

c c 4 


There 
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There  are  two  ways  in  which  philofophers,  as 
well  as  other  men,  may  be  excited  to  a&ion  ; and 
induced  to  engage  zealoufly  in  the  inveftigation  of 
any  curious  fubjecl  of  inquiry  : — they  may  be 
enticed , — and  they  may  be  provoked . 

It  will  probably  not  efcape  the  penetration  of  my 
reader,  that  I have  endeavoured  to  ufe  both  thefe 
methods. — I am  well  aware  of  the  danger  that 
attends  the  latter  of  them  ; but  the  paffionate  fond- 
nefs  that  I feel  for  the  favourite  objects  of  my  pur- 
suits frequently  hurries  me  on  far  beyond  the 
bounds  which  prudence  would  mark,  to  circum- 
scribe my  adventurous  excurfions. 
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CHAP.  IV. 


An  Account  cf  a Variety  of  Mfcellaneous  Experi- 
ments.— Thermometers  with  cylindrical  Bulbs  may 
be  ufed  to  fhow  that  Liquids  are  Non- conductors  of 
Heat. — Ice-cold  Water  may  be  heated  and  made  to 
boil  Jlanding  on  Ice. — Remarkable  Appearances  at- 
tending the  thawing  of  Ice , and  the  melting  of  Tal- 
low, and  of  Bees’ -Wax,  by  means  of  the  radiant  Heaf 
projected  downwards  by  a red-hot  Bullet.  — Beautiful 
Cryjlals  of  Sea- Salt  formed  in  Brine  Jlanding  on  Mer- 
cury.— Olive  Oil foon  rendered  colourlefs  by  Expofure 
to  the  Air  Jlanding  on  Brine. — An  Attempt  to  caufc 
radiant  Heat  from  a red-hot  Iron  Bullet  to  defcend 
in  Oil. — Account  of  an  artificial  Atmofphere  in 
which  horizontal  Currents  were  produced  by  Heat. 
— Conjectures  ref  peeling  the  proximate  Caufes  of  the 


Winds. 


hough  this  Effay  is  already  grown  to  a much 


larger  fize  than  I originally  intended,  and 
even  larger  than  I could  have  vvilhed ; — (well 
knowing  how  great  an  evil  a great  Book  is  gene- 
rally thought  to  be  ;) — I qould  not  bring  it  to  a 
conclufion  without  adding  one  Chapter  more.  In 
this  Chapter  the  reader  will  find  accounts  of  feveral 
Experiments,  fome  of  which  he  will  probably  con- 
fider  as  not  altogether  uninterefting.  To  take  up 
as  little  of  his  time  as  poffible  I fhall  be  very  brief 
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in  thefe  accounts,  and  in  general  fhall  leave  the 
reader  to  draw  his  own  conclufions  from  the 
refults  of  the  Experiments  I fhall  defcribe. 

§ 1 .An  Account  of fever al  fimple  Experiments , which 
J, how  that  Heat  does  not  defcend  in  Fluids. 

If  a thermometer  conftru&ed  with  a long  and 
narrow,  naked  cylindrical  bulb,—  (6  inches  long, 
for  inftance,  and  an  inch  in  diameter,) — and 
filled  with  mercury,  oil,  fpirits  of  wine,  or  any 
other  Fluid  proper  for  that  purpofe,  with  which  it 
is  required  to  make  the  Experiment  in  queftion  ; 
fuch  thermometer  being  at  the  temperature  of  the 
air  in  fummer,  or  at  any  temperature  above  the 
point  of  freezing  water,  if  the  lower  end,  or  half, 
of  its  bulb  b|  plunged  into  a glafs  tumbler  filled 
quite  full  to  the  brim  with  pounded  ice  and  water, 
the  height  of  the,  Fluid  in  the  tube  of  the  inftru- 
ment  will  fhow  that  half  the  Fluid  in  the  cylindrical 
bulb  of  the  inflrument  is  ice-cold , while  the  tem- 
perature of  the  other  half  of  it  remains  un- 
changed. 

The  refult  will  be  the  fame,  when,  to  prevent 
the  communication  of  Heat  from  the  air  during 
the  Experiment,  that  part  of  the  bulb  of  the  ther- 
mometer (the  fuperior  half  of  it)  which  projects 
above  the  level  of  the  top  of  the  tumbler  is 
covered  with  a fheath  lined  with  foft  fur. 

When  more  or  lefs  than  half  of  the  bulb  of  the 
thermometer  is  plunged  into  the  ice  and  water,  the 
height  of  the  liquid  in  the  tube  of  the  inflrument 
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will  fhow  that  that  part  only  of  the  Fluid  in  the 
bulb  is  cooled  which  occupies  the  part  of  the  bulb 
that  is  immerfed  in  the  ice  and  water. 

§ 2.  Ice-cold  Water,  Jlanding  on  Ice,  may  be  heated  and 

made  to  boil  without  melting  the  Ice , contrary  to  an 

Opinion  that  has  generally  prevailed. 

Take  a thin  glafs  tube,  1 inch  in  diameter,  and 
about  8 or  10  inches  long,  containing  about  two 
or  three  inches  of  water,  and  by  plunging  the  end 
of  the  tube  into  a freezing  mixture  of  pounded  ice 
and  fea-falt  caufe  the  water  in  the  tube  to  congeal : 
this  being  done,  pour  two  or  three  inches  of  ice- 
cold  water  on  the  ice ; and  wrapping  up  about  two 
inches  of  the  lower  end  of  the  tube  with  a piece 
of  flannel,  and  holding  it  inclined  at  an  angle  of 
about  450 ; by  that  part  of  it  which  is  fo  covered, 
bring  that  part  of  the  tube  which  is  at  the  height 
of  the  furface  of  the  Fluid-water  to  be  juft  over 
the  point  of  the  flame  of  a burning  candle,  and 
diftant  from  it  ahput  two  or  three  inches.  When 
the  water  in  thatVart  of  the  tube  begins  to  boil, 
the  tube  may  be  foivanced  flowly  over  the  flame  of 
the  candle ; and  if  due  care  be  taken  to  prevent  a 
too  fudden  application  of  the  Heat,  all  the  water 
in  the  tube  to  within  one  quarter  of  an  inch  of  the 
ice  may  be  brought  into  the  moft  violent  ebullition 
before  the  ice  will  begin  to  be  melted,  and  at  laft 
will  appear  to  boil  even  at  the  very  furface  of  the 
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§ 3.  The  radiant  Heat  from  a red-hot  Iron  Bullet  does 
not  appear  to  be  able  to  make  its  Way  downwards 
through  liquid  Water , nor  through  melted  Tallow , 
nor  melted  Wax. 

ifl  Experiment. — A very  fmall  mercurial  ther- 
mometer, with  a naked  globular  bulb,  was  laid 
down  in  an  horizontal  pofition  on  two  fmall  pro- 
jections of  wax,  in  the  bottom  of  a (hallow  wooden 
difh,  in  fuch  a manner  that  the  engraved  fide  of  the 
fcale  of  the  thermometer  lying  uppermoit,  the  height 
of  the  mercury  in  its  tube  could  be  obferved.  This 
being  done,  1 poured  cold  water  into  the  difh  till  it 
Hood  at  the  Height  of  about  | of  an  inch  above  the 
bulb  of  the  thermometer,  and  then  prefented  to 
the  thermometer  an  iron  bullet  about  1 £ inches  in 
diameter,  red-hot,  which  I held  (by  means  of  a fit 
handle)  direftly  over  its  bulb  at  the  diftance  of 
about  an  inch. 

The  thermometer  feemed  to  take  very  little 
notice  of  the  vicinity  of  the  red-hot  iron. 

When  its  bulb  was  covered  with  oil  the  refult 
of  the  Experiment  was  much  the  fame  ; but  when 
it  was  expofed  naked,  or  uncovered  by  a liquid,  to 
the  rays  from  the  hot  iron,  it  appeared  to  acquire 
Heat  very  rapidly.  But  the  two  following  Experi- 
ments were  flill  more  decifive  and  fatisfa&ory. 

2 d Experiment. — A (hallow  earthen  difh,  about  3 
inches  deep  and  1 2 inches  in  diameter  at  its  brim, 
was  filled  with  water,  and  being  expofed  in  a cold 
room  in  winter,  the  water  was  frozen,  and  formed 
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a cake  of  ice  at  its  furface,  about  an  inch  thick. 
Letting  the  difh  remain  in  its  place,  in  order  that 
the  furface  of  the  ice  might  remain  perfectly  hori- 
zontal, (which  was  neceffary  to  the  complete  fuc- 
cefs  of  the  Experiment,  as  will  prefently  be  feen,) 

I entered  the  room  with  a chafing-difh  filled  with 
live  coals,  in  the  midft  of  which  was  my  iron  bul- 
let, perfectly  red-hot ; and  taking  out  the  bullet 
from  among  thofe  burning  coals,  I held  it  over  the 
centre  of  this  horizontal  fheet  of  ice,  and  diflant 
from  it  about  4o  of  an  inch. 

The  ice  dire&ly  under  the  red-hot  bullet  was 
foon  thawed ; but  the  depth  to  which  it  was 
thawed  was  very  inconfiderable : the  water,  how- 
ever, extended  itfelf  flowly  from  the  centre  towards 
the  circumference,  and  at  length  a circular  fpot  i 
or  ^ inches  in  diameter  in  the  centre  of  the  furface 

V 

of  the  ice  was  covered  with  it,  though  but  to  a 
very  inconfiderable  depth. 

This  little  fpreading  fea  appeared  to  prey  on  the 
wall  of  -ice  by  which  it  was  furrounded  on  every 
fide. 

The  particles  of  water  in  contact  with  this  wall, 
being  rendered  fpecifically  lighter  on  becoming 
ice-cold,  they  move  upwards,  and  making  way  for 
other  warmer  particles  to  advance  from  below, 
caufe  currents  in  oppofite  directions  to  fet  between 
the  centre  (where  the  hot-iron  remains)  and  the 
circumference. — As  a current  at  the  temperature 
of  4i°muft  neceffarily  fet  downwards  at  the  mid- 
dle of  the  circle,  this  current  (hiking  againd  the 
middle  of  the  excavation  formed  in  the  ice  ought 
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to  deepen  it  gradually  in  that  part,  though  but  flow- 
ly,— and  this  is  what  was  actually  found  to  be  the 
cafe  ; for  the  bottom  of  this  excavation  was  not 
perfectly  flat,  but  was  deeper  at  and  near  its  centre 
than  at  its  Tides. 

31 d Experiment. — When  this  Experiment  was  va- 
ried by  ufing  a flat  cake  of  tallow  inftead  of  a cake 
of  ice,  a very  extraordinary  appearance  indeed 
prefented  itfelf,  which  at  firfl  furprifed  me  very 
much,  but  which  I foon  perceived  was  a new,  and 
very  ftriking  proof  that  Fluids  are  non-conduCtors 
of  Heat. 

The  bottom  of  the  circular  cavity  in  the  cake 
of  tallow  w'hich  was  occupied  by  that  part  of  the 
tallow  that  had  been  melted  in  the  Experiment, 
inflead  of  being  concave,  as  I had  found  that  in 
the  ice  to  be, — or  flat, — as  I expected  to  find 
this, — was  convex  in  the  middle,  or  rather  rofe  up 
in  the  form  of  a protuberance,  or  very  blunt  point, 
the  extremity  of  w7hich  reached  almoft  to  the  fur- 
face  of  the  melted  tallow  ! As  the  iron  bullet  was 
held  as  near  as  poflible  to  the  tallow,  the  end  of 
this  projection,  which  remained  unmelted,  was  cer- 
tainly not  more  than  of  an  inch  diftant  from 
this  red-hot  ball ! Reflecting  on  the  unexpected  re- 
fult  of  this  Experiment  I was  much  ftruck,  and  not 
a little  humiliated,  with  the  proof  it  feemed  to  me 
to  afford  of  the  impoflibility  of  predicting  with 
certainty  any  event,  however  inevitable  it  may 
appear,  which  has  not  actually  been  feen  to 
happen. 
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Though  I well  know  how  the  Heat  mud  be 
communicated  under  the  given  circumdances,  and 
could  foretell  with  certainty  the  directions  of  the 
currents  it  mud  neceffarily  occafion  in  the  melting 
tallow;  yet,  the  utmod  efforts  of  my  intellectual 
powers,  exercifed  as  they  were  by  much  meditation, 
were  not  fufficient  to  enable  me  to  forefee  that  the 
point  where  lead  Heat  would  be  communicated  was 
that  precifely  which  was  neared  to  the  red-hot  bullet; 
and  that  a protuberance  of  unmelted  tallow  would 
be  left  in  that  place. 

Let  thofe  be  very  cautious  who  fpeculate  on  the 
fuppofed  refults  of  Experiments  .they  have  never 
made  ! 

On  repeating  this  Experiment,  and  varying  it  by 
ufing  a cake  of  fine  bleached  bees-wax , indead  of 
tallow,  the  refult  was  much  the  fame : the  protu- 
berance, however,  in  the  middle  of  the  circular 
cavity  occupied  by  the  melted  wax,  though  per- 
fectly perceptible,  was  lefs  confiderable,  in  height, 
than  that  in  the  cake  of  tallow. 


§ 4.  Beautiful  Cryjlals  of  Sea-Salt  formed  in  Brine 
Jlanding  on  Mercury. 

A frnall  quantity  of  drong  brine,  danding  on 
mercury  in  an  open  glafs  tumbler,  having  by  ac- 
cident been  left  in  a room  in  a retired  part  of  the 
houfe,  I obferved  at  the  end  of  about  fix  months, 
that  two  beautiful  crydals  of  fait,  perfeCUy  qua- 
drangular, had.  been  formed  in  it,  one  of  which 
was  of  an  inch  long,  44  of  an  inch  wide, 

and 
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and  TV  of  an  inch  in  thicknefs  ; and  the  other  ^4  of 
an  inch  long,  ^.-1  of  an  inch  wide,  and  44  of  an  inch 
thick. 

Did  the  Fluid  mercury  on  which  this  brine  re- 
pofed  contribute? — and  how  ?— to  the  regularity 
of  the  form,  and  the  uncommon  fize  of  thefe 
cryftals? — And  might  not  beautiful  cryftals  of 
other  falts  be  procured  by  fimilar  means  ? 

§ 5.  Olive  Oil  rendered  colour lefs  by  Exposure  to  the 
Air  Jlanding  on  Brine. 

A quantity  of  olive  oil , about  | of  an  inch  in 
depth,  having  by  accident  been  left  Handing  in 
an  open  glafs  jar,  about  four  inches  in  diameter, 
on  about  a quart  of  brine,  moderately  ftrong,  in 
a retired  room,  where  the  fun’s  rays  never  enter  ; 
at  the  end  of  about  fix  months  I obferved  that 
the  oil  had  become  perfectly  coiourlefs,  and  ap- 
peared to  me  to  be  nearly  as  tranfparent  as  the 
pureft  water.  On  the  approach  of  winter  I found 
that  this  oil  was  much  more  liable  to  be  congealed 
with  cold  than  oil  of  the  fame  kind  which  had 
Hood  near  it  many  months  in  a large  glafs  bottle 
clofed  with  a cork. 

N 

§ 6.  An  unfuccefsful  Attempt  to  caufe . radiant  Heat 
from  a red-hot  Iron  Bidlet  to  defcend  in  Oil. 

Having  poured  a quantity  of  this  coiourlefs  oil 
into  a glafs  tumbler,  and  caufed  it  to  congeal 
throughout,  I prefented  to  its  upper  furface  a red- 
hot  iron  bullet,  1 \ inches  in  diameter,  and  held 
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it  quite  clofe  to  the  oil,  feveral  minutes,  till  the 
bullet  ceafed  to  be  red-hot.  As  the  oil  feerned 
rather  to  be  merely  thickened  by  the  cold,  and  to 
have  loft  its  tranfparency  in  confequence  of  the 
prelence  of  a number  of  opaque  particles,  which 
were  everywhere  difperfed  about  in  it,  than  to  be 
congealed  into  a folid  mafs,  I thought  that  if  it 
were  poftible  for  radiant  Heat  to  defcend  in  any 
Fluid  it  might  perhaps  be  in  this  ; and  if  this  fhould 
happen,  I was  certain  to  make  the  difcovery  by 
the  manner  in  which  the  oil  recovered  its  tranfpa- 
rency ; for  fhould  radiant  Heat  defcend,  the  form 
of  the  mafs  of  oil  firft  reftored  to  its  tranfparency 
muft  necefl'arily  have  been  bemifpherical , or  fome 
fection  of  a fphere,  or  at  leaft  of  fome  convex 
figure  : but  the  under  part  of  that  part  of  the  oil 
which  was  reftored  to  its  tranfparency  in  this  Expe- 
riment was,  to  all  appearance,  as  perfectly  flat  and 
horizontal  as  the  upper  furface  of  it,  which  proves 
that  the  Heat,  by  which  the  congealed  oil  Was 
thawed,  was  communicated  to  it, — not  Immedi- 
ately by  the  red-hot  bullet,  — but  mediately  by 
means  of  the  Heat  abforbed  by  or  generated  in  the 
Tides  of  the  tumbler.  This  Experiment  appears 
to  me  to  be  important  in  many  refpedts  ; but  it 
would  be  foreign  to  my  prefent  purpofe  to  engage 
in  an  inveftigation  of  the  fubjedt  with  which  it  is 
moft  intimately  connedted. 

I cannot  finifli  this  Eflay  without  giving  my 
reader  an  account  of  one  more  Experiment,  the 
refult  of  which  was  not  only  quite  unexpedted,  but 
uncommonly  interefting. 

VOL.  II. 
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Happening  accidentally  to  place  in  a window 
the  little  inftrutnent  I had  contrived  for  rendering 
vifible  the  internal,  motions  which  are  occafioned 
in  water  when  Heat  is  propagated  in  that  Fluid*, 
as  it  was  winter,  and  the  room  was  warmed  by 
a German  Hove,  that  fide  of  the  inftrument  which 
happened  to  be  neareft  the  window  being  expofed' 
to  a current  of  cold  air,  while  the  inftrument  re- 
ceived Heat  continually  on  the  other  fide  from  the 
warmer  air  of  the  room,  the  liquid  in  the  inftru- 
ment was  thrown  into  motions  which  never  ceafed, 
and  afforded  a very  interefting  fight. 

With  a view  merely  to  amufe  myfelf,  and  the 
friends  who  fhould  happen  to  call  in  to  vifit  me, — 
and  without  the  fmalleft  expectation  of  making 
any  new  difcoveries, — I contrived,  and  caufed  to 
be  executed,  the  inftrument  I am  now  about  to 
defcribe,  which  I thought  could  not  fail  to  render 
thefe  motions  perpetual,  and  exhibit  them  in  a 
ftriking  manner. 

. A fiat  box  was  formed  of  two  equal  panes,  each 
13  inches  high,  and  icf  inches  wide,  of  fine 
ground  glafs,  fitted  into  a fquare  frame  of  brafs 
in  fuch  a manner,  that  thefe  two  panes  (which  are 
parallel  to  each  other)  are  at  the  diftance  of  1 
inch  from  each  other.  In  the  middle  of  the  top 
of  this  brafs  frame  there  is  a circular  opening 
about  4-  an  inch  in  diameter,  into  which  a project- 
ing cylindrical  brafs  tube,  about  half  an  inch  in 
length,  is  foldered  ; and  in  the  middle  of  the  bot- 

* For  a cUfdiption  of  this  ioftrumcnt  fee  Chapter  1 1.  of  Part  I.  of 
this  EffajQ  bsib; 
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tom  of  the  frame  there  is  a fimilar  tube  which 
projects  downward.  The  firfl:  of  thefe  openings 
ferves  for  introducing  into  the  flat  box  the  liquid 
with  which  it  is  filled ; and  the  other  for  drawing 
it  off ; and  they  are  both  well  clofed  with  fit 
floppies  of  cork. 

On  both  Tides  of  this  brafs  frame  there  are 
deep  grooves  into  which  the  panes  of  glafs  are 
fitted,  and  the  box  was  made  water-tight  by  luting 
the  joinings  of  the  glafs  with  the  frame  with  gla- 
ziers putty.  On  the  outfide  of  the  frame  there 
are  thin  proje&ions  of  fheet  brafs,  by  means  of 
which  the  box  was  fixed  in  one  of  the  fafhes  of  a 
window  in  my  room,  where  it  occupied  the  place  of 
a pane  of  glafs,  which  was  removed  to  make  way 
for  it.  This  window  fronts  the  fouth-eaft,  and 
confequently  is  expofed  to  the  fun  a great  part  of 
the  day. 

Having  provided  a fufficient  quantity  of  the 
faline  folution, — (of  the  fame  kind  as  was  ufed  in 
conftru&ing  the  inftrument  above  mentioned,  con- 
trived for  rendering  vifible  the  internal  motions  in 
Fluids)  and  having  mixed  with  it  a due  proportion 
of  pulverized  yellow  amber,  I now  filled  the  box 
half  full  with  this  mixture  ; and  as  the  air  in  the 
room  was  confiderably  warmer  than  that  without, 
I expelled  that  the  motions  in  the  liquid  occafioned 
by  the  paflage  of  the  Heat  would  immediately 
commence. 

This  a&ually  happened  ; — but  how  great  was 
my  furprife,  when,  inftead  of  the  vertical  cur- 
rents I expected,  I difcovered  horizontal  currents, 
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running  in  oppofite  directions, — one  above  an- 
other,— or  regular  winds, — which,  fpringing  up 
in  the  different  regions  of  this  artificial  atmofphere, 
prevailed  for  a long  time  with  the  utmolt  regula- 
rity ; — while  the  fmall  particles  of  the  amber  col- 
lecting themfelves  together,  formed  clouds  of  the 
moll  fantaftic  forms,  which  being  carried  by  the 
winds,  rendered  the  feene  perfectly  fafeinating ! 

It  would  be  impoffible  to  deferibe  the  avidity 
with  which  I gazed  on  thefe  enchanting  appear- 
ances. 

In  the  flate  of  enthufiafm  I then  was,  it  really 
feemed  to  me  that  Nature  had  for  a moment  drawn 
back  the  veil  with  which  fhe  hides  from  mortal 
eyes  her  moll  fecret  and  moil  interelting  opera- 
tions ; — and  that  I now  faw  the  machinery  at  work 
by  which  winds  and  fforms  are  raifed  in  the 
atmofphere ! 

Nothing  feemed  to  be  wanting  to  complete  this 
bewitching  feene,  and  give  it  the  air  of  perfeCt  en- 
chantment, but  that  lightning,  in  miniature,  fhould 
burft  from  thefe  little  clouds : and  they  were  fre- 
quently fo  thickened  up,  and  had  fo  much  the  ap- 
pearance of  preparing  for  a (form,  that  had  that 
event  actually  taken  place,  it  could  hardly  have  in- 
creafed  my  wonder  and  eeftafy.  . 

There  were  feveral  accidental  circumftances  at- 
tending this  Experiment,  .which  contributed  to  ren- 
der it  more  interefting.  The  fun,  which  happened 
to  be  remarkably  bright,  {hone  full  upon  the  win- 
dow; where  the  apparatus  was  placed ; and  as  the 
grooves  in  the  frame  in  which  the  plates  of  glafs 
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were  fixed  were  not  deep,  that  part  of  this  frame 
which  formed  the  narrow  bottom  of  the  box  being 
expofed  to  the  fun’s  rays,  a confiderable  quantity 
of  Heat  was  generated  by  them  in  that  place, 
as  appeared  by  the  motions  of  the  particles  ot 
pulverized  amber  which  lay  on  the  bottom  of 
the  box,  or  thofe  which  were  brought  there  by 
the  currents. 

When  thefe  particles,  on  being  heated  by  the 
fun-beams,  began  to  move,  they  firlt  arofe  up 
nearly  perpendicularly  ; but  before  they  had  rifen 
to  any  confiderable  height,  they  were  carried  away 
obliquely,  and  nearly  in  an  horizontal  direction,  by 
the  lower  current,  anfwering  to  the  wind  which, 
in  the  atmofphere,  prevails  at  the  fuiface  of  the 
earth. 

The  perpendicular  rife  of  thefe  particles  from 
the  bottom  of  the  box,  and  the  fubfequent  change 
of  their  direction,  called  to  my  remembrance  an 
appearance  very  common  in  hot  countries,  which 
I recollected  to  have  often  feen,  and  by  which 
I had  often  been  amufed  in  my  youth  : in  very  hot 
and  dry  weather,  when  the  wind  is  hill  and  the 
fun  very  powerful,  the  air  which  lies  on  the  ground 
often  appears  in  the  molt  violent  agitation,  refem- 
bling  that  of  a boiling  liquid  ; which  motion  is  molt, 
rapid  at  the  furface  of  the  earth,  and  appears  to 
ceafe  at  the  height  of  five,  or  fix  feet  above  the 

Is  not  this  violent  agitation  oceafioned  by  the 
conflict  which  takes  place  between  the  hot  and  the 
comparatively  cold  air  moving  vertically , and  in 
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oppofite  directions,  very  near  the  furface  of  the 
ground  ? And  are  not  the  winds  which  prevail 
above,  occafioned  by  the  efforts  of  whole  ftrata  of 
air  to  afcend  or  defcend  obliquely  ? 

The  currents  I obferved  to  prevail  in  my  arti- 
ficial atmofphere  were  never  perfectly  horizontal  .; 
and  if  my  fufpicions  with  refpeCt  to  the  caufe  of 
the  winds  are  well  founded,  neither  can  thofe 
winds  be  horizontal  which  prevail  in  the  fuperior 
regions  of  the  atmofphere  of  the  earth,  though 
they  may  be  very  nearly  fo. 

The  greateft  velocity  of  the  currents  in  the 
faline  liquid  in  this  Experiment  was  nearly  two  inches 
in  a minute,  but  their  motions  were  in  general 
much  flower.  As  the  windows  in  the  room  in 
which  this  Experiment  was  made  are  double,  (as 
are  all  thofe  both  in  fummer  and  winter  in  the 
apartment  I inhabit,)  and  as  the  apparatus  above 
defcribed  occupied  the  place  of  a pane  of  glafs 
belonging  to  the  infide  window,  it  was  in  my  power, 
by  opening  either  the  infide  window  or  the  outfide 
window,  to  caufe  the  Heat  on  the  two  oppofite  fides 
of  the  box  to  be  either  equal  or  unequal  at  pleafure ; 
and  by  variations  which  that  arrangement  enabled 
me  to  make  in  the  Experiments  I produced  feveral 
int-erefting  appearances. 

There  was  one  very  ftriking  appearance  indeed, 
which  never  failed  to  prefent  itfelf  regularly  every 
day  during  the  three  weeks  that  the  Experiment 
was  continued  The  clouds,  after  having  been 

* An  end  was  put  to  the  Experiment  by  an  accident  $ the  box  be- 
ing broken  by  the  careleffnel's  of  a iervant  in  (hutting  die  window- 
lhutter. 
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driven  about  all  day  by  the  different  currents  in 
the  liquid,  (of  which  there  were  fometimes  as  many 
as  fix  or  feven,  running  in  oppofite  directions  at 
the  fame  time,)  never  failed  to  colledl  themfelves 
together  in  the  evening,  into  large  maffes ; fome- 
times forming  only  one,  and  fometimes  two  or 
three  Jlrata  at  different  heights,  where  they  remain- 
ed, to  all  appearance  perfectly  motionlefs,  during 
the  night. 

There  can  be  no  queftion  with  refpecl  to  the 
proximate  caufe  of  this  phsenomenon  : for  it  was 
undoubtedly  owing  to  a diminution  or  total  ceffa- 
tion  of  the  operation  of  that  caufe, — of  thofe 
caufes, — or  of  fome  of  them, — by  which  an  ine- 
quality of  temperature  in  the  liquid  was  produced 
and  continued  ; — but  it  would  be  highly  curious  to 
inveftigate  the  more  remote  caufes  of  this  appear- 
ance, and  fee  how  far  light , or  rather  the  abfence 
of  it,  was  concerned  in  producing  it : but  that 
difcuflion  would  lead  me  into  a very  abftrufe 
inquiry, — that  refpedting  radiant  Heat , — which 
would  take  up  more  time  than  I am  at  prefent  able 
to  bellow  on  it.  Perhaps  I may  find  leifure  and 
courage  at  fome  future  period  to  attempt  that 
moll  difficult  inveftigation.  My  reader  will  doubt- 
lefs  have  obferved  that  1 have  hitherto  taken  pains 
to  avoid  it. 

I cannot  take  my  leave  of  the  Experiment  I have 
been  defcribing  without  giving  my  reader  a faithful 
account  of  every  thing  I can  recoiled!  refpedting  it ; 
and  particularly  of  one  accidental  circumltance, 
which,  it  is  poffible,  may  have  had  fome  fiiare  in 
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producing  the  interefting  appearances  which  fo 
powerfully  attradled  my  attention. 

The  faline  liquor  and  the  pulverized  amber  were 
mixed  in  a bottle,  and  were  not  put  into  the  flat 
box  till  after  it  had  been  fixed  in  the  fafh  or  frame 
of  the  window  ; but  when  I came  to  pour  this 
mixture  into  the  box  I found  that  I had  not  pro- 
vided enough  of  it.  To  fupply  this  defedl,  with- 
out the  trouble  of  emptying  the  box,  I added,  at 
feveral  different  times,  pure  water,  and  a ftrong  fo- 
lution  of  pot-afh,  in  fuch  proportions  as  I knew  to 
be  proper  to  produce  the  fpecific  gravity  required  ; 
and  then  endeavoured  to  mix  the  whole  as  inti- 
mately as  poffible  by  agitating  the  liquor  for  fome 
confiderable  time  by  means  of  a long  and  ftrong 
quill,  the  end  of  which  I thruft  down  into  the  box 
through  the  hole  by  which  the  liquor  was  intro- 
duced. 

Whether  thofe  different  portions  of  liquid  were 
in  fa<ft  intimately  mingled  by  thefe  means,  I cannot 
pofitively  determine.  They  certainly  had  every  ap- 
pearance of  being  fo  ; for  the  amber  was  evidently 
well  mixed,  and  very  equally  diftributed  in  every 
part  of  the  Fluid.  But  even  fliould  we  grant  that 
the  liquid  remained  divided  in  different  Jlrata , ar- 
ranged according  to  the  fpecific  gravities  of  the 
different  portions  of  it  that  were  poured  into  the 
box  at  different  times,  it  does  not  appear  to  me 
that  the  refult  of  the  Experiment  would  be  lefs  in- 
terefting on  that  account,  or  the  application  of  it 
lefs  fatisfadlory  in  explaining  the  caufe  of  the  winds 
in  the  atmofphere. 

I am. 
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I am,  however,  far  from  being  defirous  that  much 
ftrefs  fhould  be  laid  on  this  fmgle  Experiment,  be- 
ing perfectly  fenfible  that  others  may  be  contrived, 
the  refults  of  which  would  be  more  decifive  : in  the 
mean  time  it  appears  to  me  that  the  hint  given  us 
is  too  plain  not  to  deferve  fome  attention.  If  it 
fhould  awaken  the  curiofity  of  experimental  philo- 
fophers,  and  excite  them  to  farther  invefligation, 
the  end  I had  principally  in  view  in  publifhing  this 
account  of  it  will  be  completely  anfwered. 
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DESCRIPTION  of  the  PLATES. 


PLATE  III. 

y->iG.  4.  This  Figure  reprefents  a vertical  feCtion 
of  the  apparatus  ufed  in  the  Experiment 
No.  55.  (fee  page  3 1 5),  in  which  an  attempt  was 
made  to  melt  the  top  of  a projecting  point  of  ice 
by  Heat  tranfmitted  downwards  through  olive-oil 
communicated  by  a folid  cylinder  of  iron,  heated 
in  boiling  water. 

in  this  Figure  the  tall  glafs  jar  (in  the  bottom  of 
which  the  cake  of  ice  was  frozen)  is  Handing  in 
an  earthen  pan  filled  with  pounded  ice. 

The  oil  is  alfo  reprefented  Handing  on  the  cake 
of  ice  in  the  jar  ; and  the  iron  cylinder  in  its  fheath 
of  paper  fufpended  in  the  axis  of  the  jar  in  fuch  a 
manner  that  the  lower  end  of  this  cylinder,  which 
is  flat,  is  direCtly  over  the  pointed  projection  of  ice, 
and  diflant  from  it  TV  of  an  inch. 


PLATE  IV. 

Fig.  5.  This  Figure  fhows  the  manner  in  which 
the  Experiment  No.  57 . (fee  .page  326)  was  made, 
when  pure  or  frelh  water  in  a glafs  jar  was  made 
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to  repofe  on  brine,  or  water  faturated  with  fea-fa It, 
without  mixing  with  it. 

In  this  Experiment  the  fmaller  jar,  which  con- 
tained the  brine,  the  pure  water,  and  a quantity 
of  olive-oil  by  which  the  furface  of  the  pure  water 
was  covered,  flood  in  a larger  glafs  jar, — which  lad 
flood  in  a fhallow  earthen  dilh  filled  with  pounded 
ice  and  water. 

The  fpace  between  the  outfide  of  the  fmaller  jar 
and  the  infide  of  the  larger  jar  was  filled,  to  the 
height  of  about  an  inch  above  the  level  of  the  fur- 
face  of  the  oil  in  the  fmaller  jar,  with  pieces  of  ice 
nearly  as  large  as  walnuts,  and  ice-cold  water. 
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INTRODUCTION. 

EfTay  contains  nothing  that  will  be  new 
**■  to  philofophical  readers  ; for  it  is  little  more 
than  the  fubftance  of  two  papers  which  have 
already  appeared  in  the  Philofophical  Tranfaflions 
of  the  Royal  Society  of  London  ; one  in  the  year 
178 6;  and  the  other*- (for  which  the  Author  had 
the  honour  to  receive  from  the  Society  the  Copleian 
Annual  Medal)  in  the  year  1792. 

As  reference  has  frequently  been  made  to  thefe 
Papers  in  feveral  of  the  preceding  Eflays  ; and  as 
many  of  the  Experiments  of  which  an  account  is 
given  in  them  are  not  only  interefting  in  themfelves, 
but  are  necelfary  to  be  known  in  all  their  details 
in  order  to  judge  of  feveral  important  conclufions 

that  have  been  founded  on  their  refults,  the  Author 

• 

has  thought  that  it  would  not  be  improper  to 
republifh  them  under  the  prefent  form.  He  was 
alfo  defirous  of  adding  the  fubflance  of  thofe 
Papers  to  his  Sixth  and  Seventh  Eflays,  in  order 
that  all  that  he  has  written  on  the  Science  of  Heat 
might  be  brought  together  in  one  volume. 

The  Eflays  which  are  deftined  to  compofe  the 
next  volume  (many  of  which  are  already  in  great 
forwardnefs)  are  all  on  praflical  fubje&s  of  a po- 
pular nature,  and  of  general  utility  \ and  on  that 
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account  it  was  judged  beft  to  keep  them  Separate 
from  thofe  contained  in  this  volume,  which  par- 
take more  of  the  nature  of  abftrufe  philofophical 
inveftigalions. 

Various  unforefeen  events  have  contributed  to 
retard  the  publication  of  the  promifed  Effays  on 
Kitchen  Fire-places — on  Cottage  Fire-places — and 
on  Clothing ; but  the  Author  has  well-founded 
hopes  of  being  able  to  bring  them  forward  in  the 
courfe  of  a few  months. 


ESSAY  VIII. 


OF  THE  PROPAGATION  OF  HEAT  IN  VARIOUS 
SUBSTANCES. 


CHAP.  I. 

An  Account  of  the  Inflruments  that  were  prepared 
for  making  the  propofed  Experiments . — A Ther- 
mometer is  conftrutled  whofe  Bulb  is  furrounded 
by  a Torricellian  Vacuum. — Heat  is  found 
to  pafs  in  a Torricellian  Vacuum  with  greater  Diffi- 
culty than  in  Air. — Relative  conducing  Powers  of 
a Torricellian  Vacuum  and  of  Air  with  regard  to 
Heat  determined  by  Experiment. — Relative  conduct- 
ing Powers  of  dry  Air  and  of  moi/i  Air . — Relative 
conducting  Powers  of  Air  of  different  Degrees  of 
Denfity. — Relative  conducting  Powers  of  Mer- 
cury ; Water  ; Air  j and  a Torricellian 
Vacuum. 

[Read  before  the  Royal  Society,  March  9,  1786.3 

'r?XAMiNiNG  the  conducting  power  of  air,  and  of 
various  other  fluid  and  folid  bodies,  with  re- 
gard to  Heat,  I was  led  to  examine  the  conducting 
power  of  the  Torricellian  vacuum . From  the  fink- 
ing analogy  between  the  eleCtric  fluid  and  Heat 
relpeCting  their  conductors  and  non-conduCtors, 
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(having  found  that  bodies,  in  general,  which  are 
conductors  of  the  eleCtric  fluid,  are  likewife  good 
conductors  of  Heat,  and,  on  the  contrary,  that 
eleCtric  bodies,  or  fuch  as  are  bad  conductors  of 
the  eleCtric  fluid,  are  likewafe  bad  conductors  of 
Heat,)  I was  led  to  imagine  that  the  Torricellian 
vacuum,  whicli  is  known  to  afford  fo  ready  a paffage 
to  the  eleCtric  fluid,  would  alfo  have  afforded  a 
ready  paffage  to  Heat. 

The  common  experiments  of  heating  and  cool- 
ing bodies  under  the  receiver  of  an  air-pump  I con- 
ceived to  be  inadequate  to  determining  this  queftion; 
not  only  on  account  of  the  impoffibility  of  making 
a perfeCt  void  of  air  by  means  of  the  pump  ; but 
alfo  on  account  of  the  moift  vapour,  which  exhaling 
from  the  wet  leather  and  the  oil  ufed  in  the  ma- 
chine, expands  under  the  receiver,  and  fills  it  with 
a watery  fluid,  which,  though  extremely  rare,  is 
yet  capable  of  conducting  a great  deal  of  Heat : I 
had  recourfe  therefore  to  other  contrivances. 

I took  a thermometer,  unfilled,  the  diameter  of 
whofe  bulb  (which  was  globular)  was  juft;  half  an 
inch,  Paris  meafure,  and  fixed  it  in  the  center  of  a 
hollow  glafs  ball  of  the  diameter  of  if  Paris  inch, 
in  fuch  a manner,  that  the  fhort  neck  or  opening 
of  the  ball  being  foldered  faff  to  the  tube  of  the 
thermometer  7f  lines  above  its  bulb,  the  bulb  of 
the  thermometer  remained  fixed  in  the  center  of 
the  ball,  and  confequoiitly  was  cut  off  from  all 
communication  with  the  external  air.  In  the  bot- 
tom of  the  glafs  ball  was  fixed  a ffnall  hollow  tube 
or  point,  w'hich  projecting  outwards  was  foldered 
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to  the  end  of  a common  barometer  tube  about  32 
inches  in  length,  and  by  means  of  this  opening  the 
fpace  between  the  internal  furface  of  the  glafs  ball 
and  the  bulb  of  the  thermometer  was  filled  with 
hot  mercury,  which  had  been  previoufly  freed  of 
air  and  moifture  by  boiling.  The  ball,  and  alfo 
the  barometrical  tube  attached  to  it,  being  filled 
with  mercury,  the  tube  was  carefully  inverted,  and 
its  open  end  placed  in  a bowl  in  which  there  was  a 
quantity  of  mercury.  The  inflrument  now  became 
a barometer,  and  the  mercury  defcending  from  the 
ball  (which  was  now  uppermofl)  left  the  fpace  fur- 
rounding the  bulb  of  the  thermometer  free  of  air. 
The  mercury  having  totally  quitted  the  glafs  ball, 
and  having  funk  in  the  tube  to  the  height  of  23 
inches,  (being  the  height  of  the  mercury  in  the 
common  barometer  at  that  time)  with  a lamp  and  a 
blow-pipe  I melted  the  tube  together,  or  fealed  it 
hermetically,  about  three  quarters  of  an  inch  below 
the  ball,  and  cutting  it  at  this  place  with  a fine  file, 
1 fep.arated  the  ball  from  the  long  barometrical  tube. 
The  thermometer  being  afterwards  filled  with  mer- 
cury in  the  common  way,  and  furnifhed  with  a fcale, 
I now  poffeffed  a thermometer  whofe  bulb  was  con- 
fined in  the  center  of  a Torricellian  vacuum , and 
which  ferved  at  the  fame  time  as  the  body  to  be 
heated,  and  as  the  inflrument  for  meafuring  the 
Heat  communicated. 

Experiment , N°  1. 

With  this  inflrument  (fee  Fig.  1.)  I made  the 
following  Experiment.  Having  plunged  it  into  a 
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veffel  filled  with  water,  warm  to  the  1 8th  degree 
of  Reaumur’s  fcale,  and  fuffered  it  to  remain 
there  till  it  had  acquired  the  temperature  of  the 
water,  that  is  to  fay,  till  the  mercury  in  the  in- 
clofed  thermometer  flood  at  i8°,  I took  it  out  of 
this  veffel  and  plunged  it  fuddenly  into  a veffel  of 
boiling  water,  and  holding  it  in  the  water  (which 
was  kept  conflailtly  boiling)  by  the  end  of  the  tube, 
in  fuch  a manner  that  the  glafs  ball,  in  the  center 
of  which  was  the  bulb  of  the  thermometer,  was 
juft  fubmerged,  I obferved  the  number  of  degrees 
to  which  the  mercury  in  the  thermometer  had 
arifen  at  different  periods  of  time,  counted  from  the 
moment  of  its  immerfion.  Thus,  after  it  had  re- 
mained in  the  boiling  water  i min.  30  fee.  I found, 
the  mercury  had  rifen  from  180  to  270.  After  4 
minutes  had  elapfed,  it  had  rifen  to  44°-^  j and  at 
the  end  of  5 minutes  it  had  rifen  to  48°-^* 

Experiment , N°  2. 

Taking  it  now  out  of  the  boiling  water  I fuffered 
it  to  cool  gradually  in  the  air,  and  after  it  had  ac- 
quired the  temperature  of  the  atmofphere,  which 
was  that  of  i5°R.  (the  weather  being  perfectly 
fine)  I broke  off  a little  piece  from  the  point  of 
the  fmall  tube  which  remained  at  the  bottom  of  the 
glafs  ball,  where  it  had  been  hermetically  fealed, 
and  of  courfe  the  atmofpheric  air  rufhed  imme- 
diately into  the  ball.  The  ball  furrounding  the 
bulb  of  the  thermometer  being  now  filled  with  air, 
(inflead  of  being  emptied  of  air,  as  it  was  in  the 
before-mentioned  Experiment,)  I refealed  the  end 
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of  the  fmall  tube  at  the  bottom  of  the  glafs  ball 
hermetically,  and  by  that  means  cut  off  all  com- 
munication between  the  air  confined  in  the  ball  and 
the  external  air ; and  with  the  indrument  fo  pre- 
pared I repeated  the  Experiment  before-mentioned; 
that  is  to  fay,  I put  it  into  water  warmed  to  180, 
and  when  it  had  acquired  the  temperature  of  the 
water,  I plunged  it  into  boiling  water,  and  obferved 
the  times  of  the  afcent  of  the  mercury  in  the  ther- 


mometer.  They  were  as  follows  : 

Time 

Heat 

Heat  at  the  moment  of  being  plunged  into 

elapfed. 

acquired* 

X 

l8°  R. 

the  boiling  water,  - 

$ 

M.  S. 

O 

After  having  remained  in  the  boiling  water 

O 45 

27 

* O 

34to 

2 IO 

44 .3 

1 

2 40 

48tV 

4 0 

56tV 

5 0 

6ot’o 

From  the  refult  of  thefe  Experiments  it 

appears 

evidently,  that  the  Torricellian 

vacuum, 

which 

affords  fo  ready  a paflage  to  the  eledtric  fluid,  fo  far 
from  being  a good  condu&or  of  Heat,  is  a much 
worfe  condu&or  of  it  than  common  air,  which  of 
itfelf  is  reckoned  among  the  word  for  in  the  lad 
Experiment,  when  the  bulb  of  the  thermometer  was 
furrounded  with  air,  and  the  indrument  was 
plunged  into  boiling  water,  the  mercury  rofe  from 
1 8°  to  27°  in  45  feconds ; but  in  the  former  Ex- 
periment, when  it  was  furrounded  by  a Torricellian 
vacuum,  it  required  to  remain  in  the  boiling  water  1 

minute 
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minute  30  feconds  — 90  feconds,  to  acquire  that 
degree  of  heat.  In  the  vacuum  it  required  5 
minutes  to  rile  480-IEr;  but  in  air  it  rofe  to  that 
height  in  2 minutes  40  feconds ; and  the  propor- 
tion of  the  times  in  the  other  obfervations  is  nearly 
the  fame,  as  will  appear  by  the  following  Table. 


The  bulb  of  the  thermometer  placed  in  the 
center  of  the  glafs  ball,  and 


r 

1 

furrounded  by  a 
Torricellian  vacuum. 

furrounded  by  air. 

(Exp.  N°  1.) 

(Exp.  N 

°2.) 

Time 

Heat 

Time 

Heat 

Upon  being  plunged  into 

elapfed. 

acquired. 

elapfed.  acquired. 

1 

180 

180 

boiling  water 

r 

M.  S. 

O 

M.  S. 

0 

After  remaining  in  it 

I 30 

27 

0 45 

27 

I O 

3°  A 

4 0 

44t9o 

2 JO 

44/0 

5 0 

4875 

2 40 

48-A 

4 0 

56ts 

5 0 

60A 

Thefe  Experiments  were  made  at  Manheim, 
upon  the  firfl  day  of  July  1785,  in  the  prefence  of 
Profeifor  Hemmer,  of  the  Electoral  Academy  of 
Sciences  of  Manheim,  and  Charles  Artaria,  me- 
teorological inflrument  maker  to  the  academy,  by 
whom  I was  abided  in  making  them. 

Finding  the  condrudion  of  the  indrument  made 
ufe  of  in  thefe  Experiments  attended  with  much 
trouble  and  rilk,  on  account  of  the  difficulty  of 
foldering  the  glafs  ball  to  the  tube  of  the  thermo- 
meter without  at  the  fame  time  either  doling  up, 
or  otherwife  injuring,  the  bore  of  the  tube,  I 

had 
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had  recourfe  to  another  contrivance  much  more 
commodious,  and  much  eafier  in  the  execu- 
tion. 

At  the  end  of  a glafs  tube  or  cylinder  about 
eleven  inches  in  length,  and  near  three  quarters  of 
an  inch  in  diameter  internally,  I caufed  a hollow 
globe  to  be  blown  if  inch  in  diameter,  with  an 
opening  in  the  bottom  of  it  correfponding  with  the 
bore  of  the  tube,  and  equal  to  it  in  diameter, 
leaving  to  the  opening  a neck  or  fhort  tube,  about 
an  inch  in  length.  Having  a thermometer  prepared, 
whofe  bulb  was  juft  half  an  inch  in  diameter,  and 
whofe  freezing  point  fell  at  about  i\  inches  above 
its  bulb,  I giaduated  its  tube  according  to  Reaumur’s 
fcale,  beginning  at  o°,  and  marking  that  point,  and 
alfo  every  tenth  degree  above, it  to  8o°,  with  threads 
of  fine  frlk  bound  round  it,  which  being  moiftened 
with  lac  varnifh  adhered  firmly  to  the  tube.  This 
thermometer  I introduced  into  the  glafs  cylinder  and 
globe  juft  defcribed  by  the  opening  in  the  bottom 
of  the  globe,  having  firft  choaked  the  cylinder  at 
about  2 inches  from  its  jundlion  with  the  globe  by 
heating  it,  and  crowding  its  Tides  inwards  towards 
its  axis,  leaving  only  an  opening  fufficient  to  admit 
the  tube  of  the  thermometer.  The  thermometer 
being  introduced  into  the  cylinder  in  fuch  a man- 
ner that  the  center  of  its  bulb  coincided  with 
the  center  of  the  globe,  I marked  a place  in  the 
cylinder,  about  three  quarters  of  an  inch  above  the 
80th  degree  or  boiling  point  upon  the  tube  of  the 
inclofed  thermometer,  and  taking  out  the  thermo- 
meter, I choaked  the  cylinder  again  in  this  place. 

Intro- 
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Introducing  now  the  thermometer  for  the  laft 
time,  I clofed  the  opening  at  the  bottom  of  the 
globe  at  the  lamp,  taking  care  before  I brought  it 
to  the  fire,  to  turn  the  cylinder  upfide  down,  and 
to  let  the  bulb  of  the  thermometer  fall  into  the 
cylinder  till  it  refled  upon  the  lower  choak  in  the 
cylinder.  By  this  means  the  bulb  of  the  thermo- 
meter was  removed  more  than  3 inches  from  the 
flame  of  the  lamp.  The  opening  at  the  bottom  of 
the  globe  being  now  clofed,  and  the  bulb  of  the 
thermometer  being  fuffered  to  return  into  the 
globe,  the  end  of  the  cylinder  was  cut  off  to  within 
about  half  an  inch  of  the  upper  choak.  This  being 
done,  it  is  plain,  that  the  tube  of  the  thermometer 
projected  beyond  the  end  of  the  cylinder.  Taking 
hold  of  the  end  of  the  tube,  I placed  the  bulb  of 
the  thermometer  as  nearly  as  poflible  in  the  center 
of  the  globe,  and  obferving  and  marking  a point  in 
the  tube  immediately  above  the  upper  choak  of  the 
cylinder,  I turned  the  cylinder  upfide  down,  and 
fuffering  the  bulb  of  the  thermometer  to  enter  the 
cylinder,  and  reft  upon  the  firft  or  lower  choak,  (by 
which  means  the  end  of  the  tube  of  the  thermo- 
meter came  further  out  of  the  cylinder)  the  end  of 
the  tube  was  cut  off  at  the  mark  juft  mentioned, 
(care  having  firft  been  taken  to  melt  the  internal 
cavity  or  bore  of  the  tube  together  at  that  place) 
and  a fmall  folid  ball  of  glafs,  a little  larger  than 
the  internal  diameter  or  opening  of  the  choak, 
was  foldered  to  the  end  of  the  tube,  forming  a 
little  button  or  knob,  which  refting  upon  the  upper 
choak  of  the  cylinder  ferved  to  fufpend  the  thermo- 
meter 
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meter  in  fuch  a manner  that  the  center  of  its  bulb 
coincided  with  the  center  of  the  globe  in  which  it 
was  Ihut  up.  The  end  of  the  cylinder  above  the 
upper  choak  being  now  heated  and  drawn  out  to 
a point,  or  rather  being  formed  into  the  figurp  of 
the  fruftum  of  a hollow  cone,  the  end  of  it  was 
foldered  to  the  end  of  a barometrical  tube,  by  the 
help  of  which  the  cavity  of  the  cylinder  and  globe 
containing  the  thermometer  was  completely  voided 
of  air  with  mercury ; when,  the  end  of  the  cylinder 
being  hermetically  fealed,  the  barometrical  tube 
was  detached  from  it  with  a file,  and  the  thermo- 
meter was  left  completely  (hut  up  in  a Torricellian 
vacuum,  the  center  of  the  bulb  of  the  thermome- 
ter being  confined  in  the  center  of  the  glafs  globe, 
without  touching  it  in  any  part,  by  means  of  the 
two  choaks  in  the  cylinder,  and  the  button  upon 
the  end  of  the  tube.  (See  Fig.  2.) 

Of  thefe  inflruments  I provided  myfelf  with  two, 
as  nearly  as  poffible  of  the  fame  dimenfions  \ the 
one,  which  I fhall  call  N°  1.  being  voided  of  air, 
in  the  manner  above  defcribed  ; the  other,  N°  2. 
being  filled  with  air,  and  hermetically  fealed. 

With  thefe  two  inflruments  (fee  Fig.  2.)  I made 
the  following  Experiments  upon  the  nth  of  July 
laft  at  Manheim,  between  the  hours  of  ten  and 
twelve,  the  weather  being  very  fine  and  clear,  the 
mercury  in  the  barometer  Handing  at  27  inches  1 1 
lines,  Reaumur’s  thermometer  at  150,  and  the 
quill  hygrometer  of  the  academy  of  Manheim 
nt  4 79* 

Experiments, 


400 


Of  the  Propagation  of  Heat 


Experiments , No.  3,  4,  5,  and  6. 

Putting  both  the  inftruments  into  a mixture  of. 
pounded  ice  and  water,  I let  them  remain  there  till 
the  mercury  in  the  inclofed  thermometers  refted  at 
the  point  o°,  that  is  to  fay,  till  they  had  acquired 
exactly  the  temperature  of  the  cold  mixture  ; and 
then  taking  them  out  of  it  I plunged  them  fud- 
denly  into  a large  velfel  of  boiling  water,  and  ob- 
served the  time  required  for  the  mercury  to  rife  in 
the  thermometers  from  ten  degrees  to  ten  degrees, 
from  o°  to  8o°,  taking  care  to  keep  the  water 
conftantly  boiling  during  the  whole  of  this  time, 
and  taking  care  alfo  to  keep  the  inftruments  im- 
merfed  to  the  fame  depth,  that  is  to  fay,  juft  fo 
deep  that  the  point  o°  of  the  inclofed  thermometer 
was  even  with  the  furface  of  the  water. 

Thefe  Experiments  I repeated  twice  with  the  ut- 
moft  care  ; and  the  following  Table  gives  the  refult 
of  them. 
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Thermometer  JS°  i . 

Its  bulb  half  an  inch  in  dia- 
meter, fhut  up  in  the  center  of 
a hollow  glafs  globe,  inch  in 

diameter,  •void  of  air , and  her- 
metically fealed. 

Taken  out  of  freezing  water, 
and  plunged  into  boiling  water. 

'I hermometer  2. 

Its  bulb  half  an  inch  in  dia- 
meter, Ihut  up  in  the  center  of 
a hollow  glafs  globe,  i \ inch  in 
diameter,  filed  with  air,  and  her- 
metically fealed. 

Taken  out  of  freezing  water , 
and  plunged  into  boiling  water. 

Time  elapfed. 

Heat 

Time  elapfed. 

Heat 

Exp.  N°  3. 

Exp.  N°  4. 

acquired. 

Exp.  N°  5. 

Exp.  Nu  6. 

acquired. 

M.  S. 

M.  S. 

o° 

O 

M.  S. 

M.  S. 

o° 

O 

O 5I 

O 5I 

IO 

O 30 

0 30 

IO 

0 59 

O 59 

20 

0 35 

0 37 

ao 

I 1 

I 2 

3° 

0 41 

0 41 

30 

I 18 

I 22 

40 

0 49 

0 S3 

40 

I 24 

I 23 

5° 

1 1 

o 59 

So 

2 O 

1 5* 

to 

1 24 

1 20 

60 

3 3° 

3 6 

70 

2 45 

2 25 

7° 

11  41 

1 

0 

N 

80 

9 10 

9 3* 

80 

22  44 

21  I r total  time 

16  cc 

17  0 — total  time 

of  heating  from  o°  to  8o°. 

of  heating  from  o°  to  8o°. 

Total  time  from  o°  to  70°: 

Total  time  from  o°  to  70°: 

M. 

s. 

M.  S. 

In  Exp.  N°  3. m 1 

3 

In  Exp.  N0'  5.  =7 

45 

In  Exp.  N°  4.zrio 

34 

In  Exp.  N°  6.-7 

25 

Medium  — i o 

CO 

Medium  — 7 

35 

It  appears  from  thefe  Experiments  that  the  con- 
ducting power  of  air  to  that  of  the  Torricellian  va- 
cuum, under  the  circumftances  defcribed,  is  as  74 4 
to  io+^i  inverfely,  or  as  1 000  to  702  nearly ; for  the 

6 o 

quantities  of  Heat  communicated  being  equal,  the 
intenfity  of  the  communication  is  as  the  times 
inverfely. 

In  thefe  Experiments  the  Heat  paffed  through  the 
furrounding  medium  into  th£  bulb  of  the  thermo- 
meter : 
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meter  : in  order  to  reverfe  the  Experiment,  and 
make  the  Heat  pafs  out  of  the  thermometer,  I put 
the  inflruments  into  boiling  water,  and  let  them 
remain  therein  till  they  had  acquired  the  tempera- 
ture of  the  water  ; that  is  to  fay,  till  the  mercury 
in  the  inclofed  thermometers  flood  at  8o° ; and 
then,  taking  them  out  of  the  boiling  water,  I 
plunged  them  fuddenly  into  a mixture  of  water 
and  pounded  ice,  and  moving  them  about  conti- 
nually in  tjiis  mixture,  I obferved  the  times  em- 
ployed in  cooling  as  follows : 


Thermometer  N°  z. 


T hermometer  N 0 1 . 

Surrounded  by  a Torricellian 
vacuum. 

Taken  out  of  boiling  'water,  andfaken  out  of  boiling  'water,  and j 


plunged  into  freezing  'water. 


Surrounded  by  air. 

out  of  boiling  'wate 
plunged  into  freezing  'water. 


Time  elapfed. 

Heat  loft. 

Time  eiapfed. 

Heat  loft. 

Exp.  N"7.  Exp.  N?  8. 

Exp.  NQ  9.  Exp.  N°  10. 

OO 

O 

O 

00 

0 

0 

M.  S.  M.  S. 

6 

M.  S.  M.  S. 

0 

12  O 54 

70 

0 33  0 33 

70 

CO 

in 

O 

60 

0 39  0 34 

60 

1 17  1 18 

5° 

0 44  0 44 

5° 

1 46  1 37 

40 

0 55  0 55 

40 

25  2 16 

3° 

117  1 '18 

3° 

3 H 3 10 

20 

1 57  1 57 

20 

5 42  5 59 

10 

3 44  3 49 

10 

Not  obferved.  Not  obferved.  0 

40  10  Not  obferved.  0 

Total  time  of  cooling  from  8oc 

Total  time  of  cooling  from  8oc 

to  10°. 

to  10°. 

M.  S. 

M.  S. 

In  Exp.  N°  y.~ 

16  4 

In  Exp.  N°  9.: 

-9  49 

In  Exp.  N°  8.— 

16  16 

In  Exp.  N°  10.: 

=9  4« 

Medium  — 

16  IO 

Medium: 

—9  45 

By 
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By  thefe  Experiments  it  appears,  that  the  con- 
ducting power  of  air  is  to  that  of  the  Torricellian 
vacuum  as  9^4-  to  1644  inverfely,  or  as  1000  to 
603. 

To  determine  whether  the  fame  law  would  hold 
good  when  the  heated  thermometers,  inftead  of  be- 
ing plunged  into  freezing  water,  were  fuffered  to 
cool  in  the  open  air,  I made  the  following  Experi- 
ments. The  thermometers  N°  1.  and  N°  2.  being 
again  heated  in  boiling  water,  as  in  the  laft  Experi- 
ments, I took  them  out  of  the  water,  and  fufpended 
them  in  the  middle  of  a large  room,  where  the  air 
(which  appeared  to  be  perfectly  at  reft,  the  windows 
and  doors  being  all  ftiut)  was  warm  to  the  16th 
degree  of  Reaumur’s  thermometer,  and  the  times 
of  cooling  were  obferved  as  follows : 


(Exp.  JN°  n.) 
Thermometer  N°  i. 
Surrounded  by  a Torricellian 
vacuum. 

Heated  to  So°,  and  fufpended  in 
the  open  air  'warm  to  i6°. 

(Exp.  N°  12.) 
Thermometer  N°  2. 

Surrounded  by  air. 

Heated  to  80  °,  and  fufpended  in 
the  open  air  'warm  to  160. 

Time  elapfcd.  Heat  loft. 

8o° 

M.  S. 

Not  obferved.  70 

1 24  60 

1 44  50 

228  40 

4 16  30 

Time  elapfed.  Heat  loft. 

8o° 

M.  S. 

Not  obferved.  70 

051  60 

l 5 So 

1 3+.  40 

2 4I  30 

1012“  total  time  em- 
ployed incooling;  from  70°  to  30°. 

6 11  z total  time  em- 
ployedincooling from  700  to  30°. 

Here  the  difference  in  the  conducting  powers  of 
air  and  of  the  Torricellian  vacuum  appears  to  be 
vol.  11.  f f nearly 
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nearly  the  fame  as  in  the  foregoing  Experiments, 
being  as  6-^4  to  io-J4  inverfely,  or  as  1000  to  605. 

I could  not  obferve  the  time  of  cooling  from  So9 
to  7 o°,  being  at  that  time  bufied  in  fufpending  the 
inftruments. 

As  it  might  poftibly  be  objefled  to  the  conclu- 
fions  drawn  from  thefe  Experiments  that,  notwith- 
ftanding  all  the  care  that  was  taken  in  the  con- 
ftructing  of  the  two  inftruments  made  ufe  of  that 
they  fhould  be  perfe<ftly  alike,  yet  they  might  in 
reality  be  fo  far  different  either  in  fhape  or  fize,  as 
to  occafion  a very  fenfible  error  in  the  refult  of  the 
Experiments ; to  remove  thefe  doubts  I made  the 
following  Experiments : 

In  the  morning  towards  eleven  o’clock,  the  wea- 
ther being  remarkably  fine,  the  mercury  in  the  ba- 
rometer {landing  at  27  inches  1 1 lines,  Reaumur’s  • 
thermometer  at  1 50,  and  the  hygrometer  at  470,  I 
repeated  the  Experiment  N°  3.  (of  heating  the  ther- 
mometer N°  1.  in  boiling  water,  See.)  and  imme- 
diately afterwards  opened  the  cylinder  containing 
the  thermometer  at  its  upper  end,  where  it  had 
been  fealed,  and  letting  the  air  into  it,  I re-fealed 
it  hermetically,  and  repeated  the  Experiment  again 
with  the  fame  inftrument,  the  thermometer  being 
now  furrounded  with  air,  like  the  thermometer 
N°  2. 

The  refult  of  thefe  Experiments,  which  may  be 
feen  in  the  following  Table,  {hews  evidently,  that 
the  error  arifing  from  the  difference  of  the  fiiapes 
or  dimensions  of  the  two  inftruments  in  queftion 
was  inccnfiderable,  if  not  totally  imperceptible. 
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(Exp.  NJ  13.) 

‘Thermometer  N°  l. 

Its  bulb  half  an  inch  in  dia- 
meter, fhut  up  in  the  center  of 
a glafs  globe,  inch  in  dia- 

meter, voided  of  air,  and  her- 
metically fealed. 

Taken  out  of  freezing  water, 
and  plunged  into  boiling  water. 

(Exp.  N°  14.) 

The  fame  Thermometer  (N°  I.) 

The  glafs  globe,  containing 
the  bulb  of  the  thermometer, 
being  now  filled  with  air,  and 
hermetically  fealed. 

Taken  cut  of  freezing  water, 
and  plunged  into  boiling  water. 

Time  elapfed. 

Heat  acquired. 

r\° 

Time  elapfed. 

Heat  acquired. 
r>° 

M.  S. 

O 

0 

M.  S. 

O 

0 55 

10 

O 32 

IO 

0 55 

20 

O 32 

20 

1 7 

30 

0 43 

3° 

1 J5 

40 

0 50 

40 

1 zg 

50 

1 1 

50 

2 z 

60 

1 24 

60 

3 21 

70 

2 38 

70 

44 

80 

10  25 

80 

24  48  = 

: total  time  of 

1 1 

tr 

00 

>■« 

rr  total  time  of 

heating  from  o° 

to  8o°. 

heating  from  o° 

to  8o°. 

Total  time  from  o°  to  70°  =: 

Total  time  from  o°  to  70°  — 

/ ✓✓ 

1 1 4 . 

7'  \°" • 

It  appears,  therefore,  from  thefe  Experiments, 
that  the  conducing  power  of  common  atmofpheric 
air  is  to  that  of  the  Torricellian  vacuum  as  7—  to 
1 inverfely,  or  as  1000  to  602;  which  differs 
but  very  little  from  the  refult  of  all  the  foregoing 
Experiments. 

Notwithftanding  that  it  appeared,  from  the  re- 
fult of  thefe  laft  Experiments,  that  any  difference 
there  might  poffibly  have  been  in  the  forms  or 
dimenfions  of  the  inllruments  N°  1.  and  N°  2. 
could  hardly  have  produced  any  fenfible  error 
in  the  refult  of  the  Experiments  in  queftion ; I 
was  willing,  however,  to  fee  how  far  any  con- 
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fiderable  alterations  of  fize  in  the  inflrument 
would  affedl  the  Experiment  : I therefore  provided 
rnyfelf  with  another  inflrument  which  I ihall  call 
Thermometer  N°  3.  different  from  thofe  already  de- 
lcribed  in  fize,  and  a little  different  in  its  con- 
ftruftion. 

The  bulb  of  the  thermometer  was  of  the  fame 
form  and  fize  as  in  the  infir uments  N°  i.  and  N°  2. 
that  is  to  fay,  it  was  globular,  and  half  an  inch 
in  diameter ; but  the  glafs  globe,  in  the  center  of 
which  it  was  confined,  was  much  larger,  being 
3 inches  7 \ lines  in  diameter;  and  the  bore  of 
the  tube  of  the  thermometer  was  much  finer, 
and  confequently  its  length,  and  the  divifions  of 
its  fcale,  were  greater.  The  divifions  were  marked 
upon  the  tube  with  threads  of  filfc  of  different 
colours  at  every  tenth  degree,  from  o°  to  Bo°, 
as  in  the  before-mentioned  inflruments.  The 
tube  or  cylinder  belonging  to  the  glafs  globe  was 
8 lines  in  diameter,  a little  longer  than  the  tube 
of  the  thermometer,  and  perfeflly  cylindrical  from 
its  upper  end  to  its  junction  with  the  globe,  being 
without  any  choak  ; the  thermometer  being  con- 
fined in  the  center  of  the  globe  by  a different  con- 
trivance, 'which  was  as  follows.  To  the  opening 
of  the  cylinder  was  fitted  a flopple  of  dry  wood, 
covered  with  a coating  of  hard  varnifh,  through 
the  center  or  axis  of  which  paffed  the  end  of  the 
tube  of  the  thermometer  : this  flopple  confined  the 
tube  in  the  axis  of  the  cylinder  at  its  upper  end. 
To  confine  it  at  its  lower  end,  there  was  fitted  to  it 
a frnall  fleel  fpring,  a little  below  the  point  o°  ; 
which,  being  faflened  to  the  tube  of  the  thermo- 
meter. 
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meter,  had  three  elaftic  points  proje&ing  outwards, 
which  preffing  againft  the  infide  of  the  cylinder, 
confined  the  thermometer  in  its  place.  The  total 
length  of  this  inftrument,  from  the  bottom  of  the 
globe  to  the  upper  end  of  the  cylinder,  was  iS 
inches,  and  the  freezing  point  upon  the  thermometer 
fell  about  3 inches  above  the  bulb,  confequently 
this  point  lay  about  if  inch  above  the  jun&ion  of 
the  cylinder  with  the  globe,  when  the  thermometer 
was  confined  in  its  place,  the  center  of  its  bulb 
coinciding  with  the  center  of  the  globe.  Through 
the  ftopple  which  clofed  the  end  of  the  cylinder, 
pafled  two  final!  glafs  tubes,  about  a line  in  dia- 
meter, which  being  about  a line  longer  than  the 
ftopple  were  clofed  occafionally  with  fmall  floppies 
fitted  to  their  bores.  Thefe  tubes  (which  were 
fitted  exactly  in  the  holes  bored  in  the  great  ftopple 
of  the  cylinder  to  receive  them,  and  fixed  in  their 
places  with  cement)  ferved  to  convey  air,  or  any 
other  fluid,  into  the  glafs  ball,  without  its  being 
neceffary  to  remove  the  ftopple  clofing  the  end  of 
the  cylinder ; which  ftopple,  in  order  to  prevent 
the  pofition  of  the  thermometer  from  being  eafily 
deranged,  was  cemented  in  its  place. 

I have  been  the  more  particular  in  the  defcription 
of  thefe  inftruments,  as  I conceive  it  to  be  ab- 
folutely  neceffary  to  have  a perfect  idea  of  them  in 
order  to  judge  of  the  Experiments  made  with  them, 
and  of  their  refults. 

With  the  inftrument  laft  defcribed  (which  I have 
called  Thermometer  N°  3.)  I made  the  following 

ff  3 Experi- 
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Experiment.  It  was  upon  the  1 8th  of  July  17 85, 
in  the  afternoon,  the  weather  variable,  alternate 
clouds  and  fun-fhine ; wind  ftrong  at  S.  E.  with 
now  and  then  a fprinkling  of  rain ; barometer  at 
27  inches  iof  lines,  thermometer  at  i8°|,  and  hy- 
grometer variable  from  440  to  extreme  moifture. 

In  order  to  compare  the  refult  of  the  Experiment 
made  with  this  inflrument  with  thofe  made  with  the 
thermometer  N°  2.  I have  placed  together  in  the 
fame  Table  the  different  Experiments  made  with 
them. 


(Exp.  N°  15.) 

Thei  momcier  N°  3. 

Its  bulb  half  an  inch  in  dia- 
meter, (hut  up  ill  the  center  of 
a glafs  globe,  3 inches  lines 

in  diameter,  and  furrounded  by 
•air. 

(Exp.  N,°  4 and  N°  5.) 
Thermometer  N°  2. 

Its  bulb  half  an  inch  in  diameter,  fliut 
up  in  the  center  of  a glafs  globe,  Inch 

in  diameter,  and  furrounded  by  air. 

Taken  out  of  freezing  water , and  plunged  into 
boiling  Water. 

Taken  out  of  freezing  •water , and 
plunged  into  boiling  water. 

Time  elapfed. 

Heat 

Time  elapfed. 

Heat  acquired 
00 

Exp.  No  4. 

Exp.  N°  5. 

acquired. 

Medium. 

0° 

M.  S. 

O 

M.  S. 

M.  S. 

M.  S. 

O 

0 33 

10 

0 30 

O 30 

0 30 

IO 

0 38 

20 

0 35 

0 37 

0 36 

20 

0 5 + 

30 

0 41 

O 41 

O 4I 

30 

0 51 

40 

0 49 

0 53 

0 51 

40 

» 7 

5° 

1 1 

0 59 

I O 

50 

1 28 

60 

1 24 

I 20 

I 22 

60 

2 28 

70 

2 45 

2 25 

2 35 

70 

9 0 

80 

9 10 

9 38 

9 24 

80 

16  59~total  time  of  heat- 
ing from  o°  to~5o°. 

16  55  17  3 16  59  1= 

time  of  heating  from  00  to  8o°. 

total 

Time  from  o° 

to  7o'”7/  59". 

Time  from  o°  to  700^7'  35 

If  the  agreement  of  thefe  Experiments  with  the 
thermometers  N°  2.  and  N°  3.  furprifed  me,  I was 
not  lefs  furprifed  with  their  difagreement  in  the 

Experiment  which  follows : 
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Experiment , N°  16. 

Taking  the  thermometer  N°  3.  out  of  the  boiling 
water,  I immediately  fufpended  it  in  the  middle  of 
a large  room,  where  the  air,  which  was  quiet,  was 
at  the  temperature  of  i8°|  R.  and  obferved  the 
times  of  cooling  as  follows  : 


Time  elapfed. 

Heat  loft. 
8o° 

M.  S. 

0 

1 55 

70 

O 12 

* 60 

1 33 

5° 

2 15 

40 

4 0 

3° 

9 55  — total  time  of  cooling  from  8o°  to  30°. 

Time  from  7o°to  3o°=:8/  o";  but  in  the  Experi- 
ment N°  12.  with  the  thermometer  N°  2.  the 
time  employed  in  cooling  from  70°  to  30°  was 
only  6'  1 1".  In  this  Experiment,  with  the  ther- 
mometer N°  3.  the  time  employed  in  cooling  from 
6o°  to  30°  was  7'  48";  but  in  the  above-mentioned 
Experiment,  with  the  thermometer  N°  2.  it  was 
only  5'  20".  It  is  true,  the  air  of  the  room 
was  fomewhat  cooler  when  the  former  Experiment 
was  made,  than  when  this  latter  was  made,  with 
the  thermometer  N°  3. ; but  this  difference  of  tem- 
perature, which  was  only  2°|,  (in  the  former  cafe 
the  thermometer  in  the  room  Handing  at  160, 
and  in  the  latter  at  i8°|,)  certainly  could  not  have 

f f 4 occa- 
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occafioned  the  whole  of  the  apparent  difference  in 
the  refults  of  the  Experiments. 

Does  air  receive  Heat  more  readily  than  it  parts 
with  it?  This  is  a queftion  highly  deferring  of 
further  inveftigation,  and  I hope  to  be  able  to  give 
it  a full  examination  in  the  courle  of  my  projected 
inquiries ; but  leaving  it  for  the  prefent,  I fhall  pro- 
ceed to  give  an  account  of  the  Experiments  which  I 
have  already  made. 

Conceiving  it  to  be  a ftep  of  confiderable  import- 
ance towards  coming  at  a further  knowledge  of  the 
nature  of  Heat,  to  afcertain,  by  indifputable  evi- 
dence, its  paflage  through  the  Torricellian  vacuum, 
and  to  determine,  w'ith  as  much  precifion  as  pof- 
fible,  the  law  of  its  motions  in  that  medium  ; and 
being  apprehenfive  that  doubts  might  arife  with  re- 
fpedt  to  the  Experiments  before  defcribed,  on  ac- 
count of  the  contact  of  the  tubes  of  the  inclofed 
thermometers  in  the  inftruments  made  ufe  of  with 
the  containing  glafs  globes,  or  rather  with  their 
cylinders : by  means  of  which  (it  might  be  fufpe&ed) 
that  a certain  quantity,  if  not  all  the  Heat  acquired, 
might  poffibly  be  communicated  ; to  put  this  mat- 
ter beyond  all  doubt,  I made  the  following  Expe- 
riment. 

In  the  middle  of  a glafs  body,  of  a pear-like 
form,  about  8 inches  long,  and  i\  inches  in  its 
greateft  diameter,  I fufpended  a fmall  mercurial 
thermometer,  5!  inches  long,  by  a fine  thread  of 
filk,  in  fuch  a manner  that  neither  the  bulb  of  the 
thermometer,  nor  its  tube,  touched  the  contain- 
ing glafs  body  in  any  part.  The  tube  of  the  ther- 
mometer 
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mometer  was  graduated,  and  marked  with  fine 
threads  of  filk  of  different  colours,  bound  round 
it,  as  in  the  thermometers  belonging  to  the  other 
inflruments  already  defcribed  ; and  the  thermome- 
ter was  fufpended  in  its  place  by  means  of  a fmali 
fteel  fpring,  to  which  the  end  of  the  thread  of  filk 
which  held  the  thermometer  being  attached,  it 
(the  fpring)  was  forced  into  a fmali  globular  pro- 
tuberance or  cavity,  blown  in  the  upper  extremity 
of  the  glafs  body,  about  half  an  inch  in  diameter, 
where  the  fpring  remaining,  the  thermometer  ne- 
ceflarily  remained  fufpended  in  the  axis  of  the  glafs 
body.  There  was  an  opening  at  the  bottom  of 
the  glafs  body,  through  which  the  thermometer 
was  introduced ; and  a barometrical  tube  being 
foldered  to  this  opening,  the  infide  of  the  glafs 
body  was  voided  of  air  by  means  of  mercury ; 
and  this  opening  being  afterwards  fealed  herme- 
tically, and  the  barometrical  tube  being  taken  away, 
the  thermometer  was  left  fufpended  in  a Torricellian 
vacuum. 

In  this  inftrument,  as  the  inclofed  thermometer 
did  not  touch  the  containing  glafs  body  in  any  part, 
on  the  contrary,  being  diflant  front  its  internal 
furface  an  inch  or  more  in  every  part,  it  is  clear, 
that  whatever  Heat  palfed  into  or  out  of  the  ther- 
mometer mull  have  pafled  through  the  furrounding 
Torricellian  vacuums  for  it  cannot  be  fuppofed, 
that  the  fine  thread  of  filk,  by  which  the  ther- 
mometer was  fufpended,  was  capable  of  conduc- 
ing any  Heat  at  all,  or  at  leaft  any  fenfible  quantity. 
I therefore  flattered  myfelf  with  hopes  of  being 

able. 
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able,  with  the  affidance  of  this  indrument,  to 
determine  pofitively  with  regard  to  the  palfage 
of  Heat  in  the  Torricellian  vacuum : and  this,  I 
think,  I have  done,  notwithda'nding  an  unfortunate 
accident  that  put  it  out  of  my  power  to  purfue  the 
Experiment  fo  far  as  I intended. 

This  indrument  being  fitted  to  a fmall  hand  or 
foot  of  wood,  in  fuch  a manner  that  the  glafs  body 
remained  in  a perpendicular  fituation,  I placed  it  in 
my  room,  by  the  fide  of  another  inclofed  ther- 
mometer (N°  2.),  which  was  furrounded  by  air, 
and  obferved  the  effects  produced  on  it  by  the 
variation  of  Heat  in  the  atmofphere.  I foon  dif- 
covered,  by  the  motion  of  the  mercury  in  the  in- 
clofed thermometer,  that  the  Heat  palled  through 
the  Torricellian  vacuum  ; but  it  appeared  plainly 
from  the  fiuggifhnefs,  or  great  infenfibility  of 
the  thermometer,  that  the  Heat  palled  with  much 
greater  difficulty  in  this  medium  than  in  common 
air.  I now  plunged  both  the  thermometers  into  a 
bucket  of  cold  water  ; and  I obferved  that  the 
mercury  in  the  thermometer  furrounded  by  air 
defcended  much  fader  than  that  in  the  ther- 
mometer furrounded  by  the  Torricellian  vacuum. 
I took  them  out  of  the  cold  water,  and  plunged 
them  into  a veffel  of  hot  water  (having  no  con- 
veniences at  hand  to  repeat  the  Experiment  in 
due  form  with  the  freezing  and  with  the  boiling 
water)  ; and  the  thermometer  furrounded  by  the 
Torricellian  vacuum  appeared  dill  to  be  much 
more  infenfible  or  fluggilh  than  that  furrounded  by 
air. 
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Thefe  trials  were  quite  fufficient  to  convince  me 
of  the  paffage  of  Heat  in  the  Torricellian  vacuum, 
and  alfo  of  the  greater  difficulty  of  its  paffage  in 
that  medium  than  in  common  air  ; but,  not  fatif- 
fied  to  reft  my  inquiries  here,  I took  the  firft  op- 
portunity that  offered,  and  fet  myfelf  to  repeat  the 
Experiments  which  I had  before  made  with  the 
inftrumentsN0  1 and  N°  2.  I plunged  this  inftru- 
ment  into  a mixture  of  pounded  ice  and  water, 
where  I let  it  remain  till  the  mercury  in  the  in- 
clofed  thermometer  had  defcended  to  o°;  when, 
taking  out  of  this  cold  mixture,  I plunged  it 
fuddenly  into  a veffel  of  boiling  water,  and  pre- 
pared myfelf  to  obferve  the  afcent  of  the  mercury 
in  the  inclofed  thermometer,  as  in  the  foregoing 
Experiments ; but  unfortunately  the  moment  the 
end  of  the  glafs  body  touched  the  boiling  water,  it 
cracked  with  the  Heat  at  the  point  where  it  had 
been  hermetically  fealed,  and  the  watar  rufhing  into 
the  body,  fpoiled  the  Experiment : and  I have  not 
fince  had  an  opportunity  of  providing  myfelf  with 
another  inftrument  to  repeat  it. 

It  having  been  my  intention  from  the  beginning 
to  examine  the  conducing  powers  of  the  artificial 
airs  or  gaffes,  the  thermometer  N°  3.  was  con- 
ftrudted  with  a view  to  thofe  Experiments  ; and 
having  now  provided  myfelf  with  a ftock  of  thofe 
different  kinds  of  airs,  I began  with  fixed  air , with 
which,  by  means  of  water,  I filled  the  globe  and 
cylinder  containing  the  thermometer  ; and  flopping 
up  the  two  holes  in  the  great  ftopple  clofing  the 
end  of  the  cylinder,  I expofed  the  inftrument  in 

freezing 
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freezing  water  till  the  mercury  in  the  inclofed 
thermometer  had  defcended  to  o°;  when,  taking 
it  out  of  the  freezing  water,  I plunged  it  into  a 
large  veffel  of  boiling  water,  and  prepared  myfelf 
to  obferve  the  times  of  heating,  as  in  the  former 
cafes  ; but  an  accident  happened,  which  fuddenly 
put  a flop  to  the  Experiment.  Immediately  upon 
plunging  the  inftrument  into  the  boiling  water,  the 
mercury  began  to  life  in  the  thermometer  with 
fuch  uncommon  celerity,  that  it  had  paffed  the  firffc 
divifion  upon  the  tube  (which  marked  the  ioth 
degree,  according  to  Reaumur’s  fcale)  before  I 
was  aware  of  its  being  yet  in  motion  ; and  having 
thus  miffed  the  opportunity  of  obferving  the  time 
elapfed  when  the  mercury  arrived  at  that  point,  I 
was  preparing  to  obferve  its  paffage  of  the  next, 
when  all  of  a ludden  the  ftopple  clofmg  the  end  of 
the  cylinder  was  blown  up  the  chimney  with  a 
great  explofion,  and  the  thermometer,  which,  be- 
ing cemented  to  it  by  its  tube,  was  taken  along 
with  it,  and  was  broken  to  pieces,  and  deftroyed  in 
its  fall. 

This  unfortunate  Experiment,  though  it  put  a 
flop  for  the  time  to  the  inquiries  propofed,  opened 
the  way  to  other  refearches  not  lefs  intereffing. 
Sufpefting  that  the  explofion  was  occafioned  by  the 
rarefadfion  of  the  water  which  remained  attached 
to  the  infide  of  the  globe  and  cylinder  after  the 
operation  of  filling  them  with  fixed  air ; and 
thinking  it  more  than  probable,  that  the  uncom- 
mon celerity  with  which  the  mercury  rofe  in  the 
thermometer  was  principally  owing  to  the  fame 

caufe. 
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caufe,  I was  led  to  examine  the  conducing  power 
of  jnoiji  air , or  air  faturated  with  water. 

For  this  Experiment  I provided  myfelf  with  a 
new  thermometer  N°  4.  the  bulb  of  which,  being 
of  the  fame  form  as  thofe  already  defcribed  (wz. 
globular)  was  alfo  of  the  fame  fize,  or  half  an  inch 
in  diameter.  To  receive  this  thermometer  a glafs 
cylinder  was  provided,  8 lines  in  diameter,  and 
about  14  inches  long,  and  terminated  at  one  end 
by  a globe  1 \ inch  in  diameter.  In  the  center  of 
this  globe  the  bulb  of  the  thermometer  was  con- 
fined, by  means  of  the  (topple  which  clofed  the 
end  of  the  cylinder ; which  (topple,  being  near 
2 inches  long,  received  the  end  of  the  tube  of 
the  thermometer  into  a hole  bored  through  its 
center  or  axis,  and  confined  the  thermometer  in  its 
place,  without  the  afliitance  of  any  other  appara- 
tus. Through  this  (topple  two  other  finall  holes 
were  bored,  and  lined  with  thin  glafs  tubes,  as  in 
the  thermometer  N°  3.  opening  a paffage  into  the 
cylinder,  which  holes  were  occafionally  (topped  up 
with  (topples  of  cork ; but  to  prevent  accidents, 
fuch  as  I have  before  experienced  from  an  ex- 
plofion,  great  care  was  taken  not  to  prefs  thefe 
(topples  into  their  places  with  any  confiderable  force, 
that  they  might  the  more  eafily  be  blown  out  by  any 
confiderable  effort  of  the  confined  air,  or  vapour. 

Though  in  this  inftrument  the  thermometer 
was  not  altogether  fo  fteady  in  its  place  as  in  the 
thermometers  Nu  t,  N°  2,  and  N°  3.  the  elafticity 
of  the  tube,  and  the  weight  of  the  mercury  in  the 
bulb  of  the  thermometer,  occafioning  a fmall 
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vibration  or  trembling  of  the  thermometer  upon 
any  fudden  motion  or  jar;  yet  I preferred  this 
method  to  the  others,  on  account  of  the  lower  part 
of  this  thermometer  being  entirely  free,  or  fuf- 
pended  in  fuch  a manner  as  not  to  touch,  or  have 
any  communication  with,  the  lower  part  of  the 
cylinder  or  the  globe  : for  though  the  quantity  of 
Heat  received  by  the  tube  of  the  thermometer  at 
its  contact  with  the  cylinder  at  its  choaks,  in  the 
inftruments  N°  1.  and  N°  2.  or  with  the  branches 
of  the  fteel  fpring  in  N°  3.  and  from  thence  com- 
municated to  the  bulb,  muffc  have  been  .exceedingly 
fmall ; yet  I was  defirous  to  prevent  even  that,  and 
every  other  poffible  caufe  of  error  or  inaccuracy. 

Does  humidity  augment  the  conducting  power 
of  air  ? 

To  determine  this  queflion  I made  the  following 
Experiments,  the  weather  being  clear  and  fine,  the 
mercury  in  the  barometer  {landing  at  27  inches  8 
lines,  the  thermometer  at  1 90,  and  the  hygrometer 
at  440. 
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(Exp.  N°  17.) 

Thermometer , N°  4. 

Surrounded  by  air  dry  to 
the  44th  degree  of  the  quill 
hygrometer  of  the  Manheim 
Academy. 

Taken  out  of  freezing  'voter, 
and  plunged  into  boiling  'water. 

(Exp,  N°  18.) 

The  fame  '■Thermometer  (N°  4 ) 
Surrounded  by  air  rendered 
as  moift  as  poffible  by  wetting 
the  inftde  of  the  cylinder  and 
globe  with  water. 

Taken  out  of  freezing  'Water , 
and  plunged  into  boiling  'water. 

1 Time  elapfed.  Heat  acquired. 

8o° 

M.  S. 

0 34  JO 

0 39  20 

0 44  30 

051  40 

16  50 

1 35  60 

2 40  70 

not  obferved.  80 

Time  dapfed.  Heat  acquired. 

• o° 

M.  S.  0 

06  JO 

04  20 

05  30 

09  40 

Ol8  50 

O 26  60 

O 43  70 

7 45  80 

8 9 — total  time  of 

heating  from  o°  to  70°. 

1 51  = total  time  of 
heating  from  o°  to  70°. 

From  thefe  Experiments  it  appears,  that  the  con- 
ducting power  of  air  is  very  much  increafed  by  hu- 
midity. To  fee  if  the  fame  refult  would  obtain 
when  the  Experiment  was  reverfed,  I now  took  the 
thermometer  with  the  moi/i  air  out  of  the  boiling 
water,  and  plunged  it  into  freezing  water  ; and 
moving  it  about  continually  from  place  to  place  in 
the  freezing  water,  I obferved  the  times  of  cooling, 
as  fet  down  in  the  following  Table.  N.  B.  To  com- 
pare the  refult  of  this  Experiment  with  thofe  made 
with  dry  air , I have  placed  on  one  fide  in  the  fol- 
lowing Table  the  Experiment  in  queflion,  and  on 
the  other  fide  the  Experiment  NJ  19.  made  with 
thermometer  N°  2. 
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(Exp.  N°  19.) 

‘ Thermometer  N°  4. 
Surrounded  by  tnoijl  air. 

1 Taken  out  of  boiling  water , 
and  plunged  into  freezing  water. 

(Exp.  In 0 10.) 

T bermometer  N 0 2 . 
Surrounded  by  dry  air. 

Taken  out  of  boiling  water , 
and  plunged  into  freezing  water. 

Time  elapfed. 

Heat  loft. 

8o° 

Time  elapfed. 

Heat  ioft. 

80  0 

M.  S. 

O 

M.  S. 

O 

0 4 

70 

0 33 

70 

0 14 

60 

0 34 

60 

0 31 

5° 

0 44 

5° 

O 52 

40 

0 55 

4° 

I 22 

30 

1 18 

3° 

2 3 

20 

1 57 

20 

4 2 

10 

3 40 

10 

» 9 8 = total  time  of 

9 12  r 

total  time  of 

cooling  from  8o°  to  io°. 

cooling  from  8o° 

to  IO°. 

Though  the  difference  of  the  whole  times  of 
cooling  from  8o°  to  io°  in  thefe  two  Experiments 
appears  to  have  been  very  fmall,  yet  the  difference 
of  the  times  taken  up  by  the  firft  twenty  or  thirty 
degrees  from  the  boiling  point  is  very  remarkable, 
and  (hows  with  how  much  greater  facility  Heat 
paffes  in  moifl  air  than  in  dry  air.  Even  the  flow- 
nefs  wdth  which  the  mercury  in  the  thermometer 
N°  4.  defcended  in  this  Experiment  from  the  30th 
to  the  20th,  and  from  the  20th  to  the  loth  degree, 
I attribute  in  fome  meafure  to  the  great  conducting 
power  of  the  moifl  air  with  which  it  wras  fur- 
rounded  ; for  the  cylinder  containing  the  thermo- 
meter and  the  moifl  air,  being  not  wholly  fubmerged 
in  the  freezing  water,  that  part  of  it  which  remained 
out  of  the  water  was  neceffarily  furrounded  by  the 

air 
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air  of  the  atmofphere ; which  being  much  warmer 
than  the  water,  communicated  a part  of  its  Heat  to 
the  glafs ; which,  paffing  from  thence  into  the  con- 
tained moift  air  as  foon  as  that  air  became  colder 
than  the  external  air,  was,  through  that  medium, 
communicated  to  the  bulb  of  the  inclofed  thermo- 
meter, which  prevented  its  cooling  fo  fall  as  it 
would  otherwife  have  done.  But  when  the  weather 
becomes  cold,  I propofe  to  repeat  this  Experiment 
with  variations,  in  fuch  a manner  as  to  put  the  mat- 
ter beyond  all  doubt.  In  the  mean  time  I cannot 
help  obferving,  with  what  infinite  wifdom  and  good- 
nefs  Divine  Providence  appears  to  have  guarded  us 
againft  the  evil  effects  of  exceffive  Heat  and  Cold 
in  the  atmofphere ; for  if  it  were  poffible  for  the 
air  to  be  equally  damp  during  the  fevere  cold  of  the 
winter  months  as  it  fometimes  is  in  fummer,  its 
conducing  power,  and  confequently  its  apparent 
coldnefs,  when  applied  to  our  bodies,  would  be  fo 
much  increafed,  by  fuch  an  additional  degree  of 
moifture,  that  it  would  become  quite  intolerable  ; 
but,  happily  for  us,  its  power  to  hold  water  in  fo- 
lution  is  diminifhed,  and  with  that  its  power  to  rob 
us  of  our  animal  heat,  in  proportion  as  its  coldnefs 
is  increafed. 

Every  body  knows  how  very  difagreeable  a 
moderate  degree  of  cold  is  when  the  air  is  very 
damp  ; and  from  hence  it  appears,  why  the  thermo- 
meter is  not  always  a juft  meafure  of  the  apparent 
or  fenfible  Heat  of  the  atmofphere. 

If  colds  or  catarrhs  are  . occafioned  by  our 
bodies  being  robbed  of  our  animal  heat,  the  reafon 
is  plain  why  thofe  diforders  prevail  rnoft  during  the 
von.  11.  g g cold 
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cold  autumnal  rains,  and  upon  the  breaking  up  of 
the  frofl  in  the  fpring.  It  is  likewife  plain  from 
whence  it  is  that  fleeping  in  damp  beds,  and  in- 
habiting damp  houfes  is  fo  very  dangerous ; and 
why  the  evening  air  is  fo  pernicious  in  fummer  and 
in  autumn,  and  why  it  is  not  fo  during  the  hard 
frofts  of  winter. 

It  has  puzzled  many  very  able  philofophers  and 
phyficians  to  account  for  the  manner  in  which  the 
extraordinary  degree  or  rather  quantity  of  Heat  is 
generated  which  an  animal  body  is  fuppofed  to  lofe, 
when  expofed  to  the  cold  of  winter,  above  what  it 
communicates  to  the  furrounding  atmofphere  in 
warm  fummer  weather  ; but  is  it  not  more  than 
probable,  that  the  difference  of  the  quantities  of 
Heat,  actually  loft  or  communicated,  is  infinitely 
lefs  than  what  they  have  imagined  ? 

Thefe  inquiries  are  certainly  very  interefting ; 
and  they  are  undoubtedly  within  the  reach  of  well 
contrived  and  well  conducted  Experiments.  But 
taking  my  leave  for  the  prefent  of  this  curious  fub- 
ject  of  inveftigation,  1 haften  to  the  fequel  of  my 
Experiments. 

Finding  fo  great  a difference  in  the  conducing 
powers  of  common  air  and  of  the  Torricellian  va- 
cuum, I was  led  to  examine  the  conducting  powers 
of  common  air  of  different  degrees  of  denfity. 
For  this  Experiment  I prepared  the  thermometer 
N°  4.  by  ftopping  up  one  of  the  fmall  glafs  tubes 
paffmg  through  the  ftopple,  and  opening  a paffage 
into  the  cylinder,  and  by  fitting  a valve  to  the  ex- 
ternal aperture  of  the  other.  The  inftrument, 
thus  prepared,  being  put  under  the  receiver  of  an 

air- 
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air-pump,  the  air  paffed  freely  out  of  the  globe  and 
cylinder  upon  working  the  machine,  but  the  valve 
above  defcribed  prevented  its  return  upon  letting 
air  into  the  receiver.  The  gage  of  the  air-pump 
fhowed  the  degree  of  rarity  of  the  air  under  the  re- 
ceiver, and  confequently  of  that  filling  the  globe  and 
cylinder,  and  immediately  furrounding  the  ther- 
mometer. 

With  this  inftrument,  the  weather  being  clear 
and  fine,  the  mercury  in  the  barometer  Handing 
at  27  inches  9 lines,  the  thermometer  at  150,  and 
the  hygrometer  at  47 °,  I made  the  following  Ex- 
periments. 


(Exp.  N°  20.) 

Thermometer  N°  4, 
Surrounded  by  com- 
mon air,  barometer 
(landing  at  27  indies 
9 lines. 

Taken  out  of  freezing 
water , and  plunged  into 
boiling  water. 

(Exp.  N°  21.) 

Thermometer  N°  4, 
Surrounded  by  air  ra- 
refied by  pumping  till  the 
barometer-gage  flood  at 
6 inches  1 lines. 

Taken  out  of  freezing 
water , and  plunged  into 
boiling  water. 

(Exp.  N°  22.) 

Thermometer  N°  4. 

Surrounded  by  air  ra- 
refied by  pumping  till  the 
barometer-gage  ftood  at 
1 inch  2 lines. 

Taken  out  of  freezing 
watcry  and  plunged  into 
boiling  water. 

Time 

Heat 

Time 

Heat 

Time 

Heat 

elapfed. 

acquired. 

elapfed. 

acquired. 

elapfed. 

acquired. 

— 

0° 

00 



0o 

M.  S. 

O 

M.S. 

O 

M.  S. 

O 

0 31 

IO 

0 31 

IO 

O 29 

IO 

0 40 

20 

0 3S 

20 

0 36 

20 

0 41 

3° 

0 44 

3° 

0 49 

3° 

0 47 

40 

0 51 

40 

I I • 

40 

1 4 

50 

1 7 

5° 

1 1 

5° 

I 2S 

60 

1 19 

60 

I 24 

60 

2 28 

70 

2 27 

70 

2 31 

70 

10  17 

80 

IO  21 

So 

not  obferved. 

80 

7 36: 

= total  time 

7 37  = 

: total  time 

7 S'  = 

total  time 

of  heating 

(rom  o°  to  of  heating  from  o°  to 

of  heating  from  o°  tc 

70°. 

170°. 

0 ’ 

O 

r- 

The  refult  of  thefe  Experiments,  I confefs,  fur- 
prifed  me  not  a little  -f  but  the  difcovery  of  truth 
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being  the  foie  objeCt  cf  my  inquiries  (having  no 
favourite  theory  to  defend)  it  brings  no  difappoint- 
ment  along  with  it,  under  whatever  unexpected 
fhape  it  may  .appear.  I hope  that  further  Experi- 
ments may  lead  to  the  difcovery  of  the  caufe  why 
there  is  fo  little  difference  in  the  conducting  powers 
of  air  of  fuch  very  different  degrees  of  rarity,  while 
there  is  fo  great  a difference  in  the  conducting 
powers  of  air,  and  of  the  Torricellian  vacuum.  At 
prefent,  I fhall  not  venture  any  conjectures  upon 
the  fubjeCt ; but  in  the  mean  time  I dare  to  affert, 
that  the  Experiments  I have  made  may  be  de- 
pended on. 

The  time  of  my  ftay  at  Manheim  being  expired 
(having  had  the  honour  to  attend  thither  his  moft 
Serene  Iiighnefs  the  EleCtor  Palatine,  reigning 
Duke  of  Bavaria,  in  his  late  journey),  I was  pre- 
vented from  purfuing  tnefe.  inquiries  further  at 
that  time  ; but  I fhall  not  fail  to  recommence  them 
the  firft  leifure  moment  I can  find,  which  I fancy 
will  be  about  the  beginning  of  the  month  of  No- 
vember. In  the  mean  time,  to  enable  myfelf  to 
purfue  them  with  effeCt,  I am  fparing  neither  la- 
bour nor  expence  in  providing  a complete  apparatus 
neceffary  for  my  purpofe  ; and  his  Electoral  High- 
nefs  has  been  gracioufly  pleafed  to  order  M.  Ar- 
taria  (who  is  in  his  fervice)  to  come  to  Munich 
to  affift  me.  With  fuch  a Patron  as  his  moft  Se- 
rene Iiighnefs,  and  with  fuch  an  afliftant  as  Ar- 
taria,  I fhall  go  on  in  my  purfuits  with  chearful- 
nefs.  Would  to  God  that  my  labours  might  be 

as 
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as  ufefui  to  others  as  they  will  be  pleafant  to 
me ! 

I fhall  conclude  this  chapter  with  a fhort  account 
of  fome  Experiments  1 have  made  to  determine  the 
conducing  powers  of  water  and  of  mercury  ; and 
with  a table,  fhowing  at  one  view  the  conducing 
powers  of  all  the  different  mediums  which  I have 
examined. 

Having  filled  the  glafs  globe  inclofmg  the  bulb 
of  the  thermometer  N°  4,  firfl  with  water,  and  then 
with  mercury,  I made  the  following  Experiments, 
to  afcertain  the  conducting  powers  of  thofe  two 
Fluids. 


(Exp.  N°  23.) 
Thermometer  N°  4. 
Surrounded  by  water . 
Taken  out  of  freezing  water , and 
plunged  into  boiling  water. 

(Exp.  N°  24,  25,  apd  26.) 
Thermometer  N°  4. 

Surrounded  by  mercury. 

Taken  out  of  freezing  water,  and  plunged  into 
boiling  water. 

Time  elapfed. 

Heat  acquired. 

Time  elapfed. 

' Heat 

acquired. 

Ex.  N°  24.  Ex.  N°  25.  Ex.  No  26. 

• 0° 

M.S.  0 

M.  S.  M S.  M.  S. 

0° 

0 19 

10 

05  05  05 

IO 

08  20 

04  02  0 5 

20 

0 9 

3° 

0 2 0 2 04 

30 

0 ii 

40 

04  05  0 5 

40 

0 15 

5° 

04  04  0 7 

5° 

0 21 

CO 

07  04  08 

60 

0 34 

70 

0 15  09  0 14 

70 

•2 13 

80 

Notobferved.  0 58  Not  obftrved. 

80 

1 57— total  time  of  heat- 
ing from  0°  to  700. 

0 41  031  0 48  rr 

times  of  heating  from  o°  to  70°. 

total 

The  total  times  of  heating  from  o°  to  70°  in  the 
three  Experiments  with  mercury  being  41  feconds, 

003  31  fe- 
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31  feconds,  and  48  feconds,  the  mean  of  thefe 
times  is  36^-  feconds;  and  as  in  the  Experiment 
with  water  the  time  employed  in  acquiring  the 
fame  degree  of  Heat  was  1'  57"  — 117  feconds,  it 
appears  from  thefe  Experiments,  that  the  conduc- 
ing power  of  mercury  to  that  of  water,  under  the 
circumflances  deferibed,  is  as  36-  to  1 17  inverfely, 
or  as  1000  to  313.  And  hence  it  is  plain,  why 
mercury  appears  fo  much  hotter,  and  fo  much 
colder,  to  the  touch  than  water,  when  in  faC  it  is 
of  the  fame  temperature  : for  the  force  or  violence 
of  the  fenfation  of  what  appears  hot  or  cold  depends 
not  entirely  upon  the  temperature  of  the  body  ex- 
citing in  us  thofe  fenfations,  or  upon  the  degree  of 
Heat  it  actually  pofleffes,  but  upon  the  quantity  of 
Heat  it  is  capable  of  communicating  to  us,  or  re- 
ceiving from  us,  in  any  given  fhort  period  of  time, 
or  it  is  as  the  intenfity  of  the  communication  ; and 
this  depends  in  a great  meafure  upon  the  conducing 
powers  of  the  bodies  in  queftion. 

The  fenfation  excited  in  us  when  wre  touch  any 
thing  that  appears  to  us  to  be  hot  is  the  entrance 
of  Heat  into  our  bodies  ; that  of  cold  is  its  exit ; 
and  whatever  contributes  to  facilitate  or  accelerate 
this  communication  adds  to  the  violence  of  the 
fenfation.  And  this  is  another  proof  that  the  ther- 
mometer cannot  be  a juft  meafure  of  the  intenfity 
of  the  fenfible  Heat,  or  Cold,  exiding  in  bodies  ; or 
rather,  that  the  touch  does  not  afford  us  a juft  in- 
dication of  their  real  temperatures. 


A Table 


in  various  Subjlances. 


4^5 


A Table  of  the  conducting  Powers  of  the  under- 
mentioned Mediums  as  determined  by  the  foregoing 
Experiments. 


Therm. 
N°  1 


Thermometer  N°  4. 


Taken  out  of  freezing  water,  and  plunged  into  boiling  water. 


Time  elapfed. 


to  ro°. 


Torricellian  Va- 
cuum (Exp.  N° 
3>  4-  and  13.) 

Common  air, 
denfitym, 

| (Exp.  No  20.) 

^ N 

.fa  M|->  - 

” II  0 

c 6, 

« <{  « 

Rarefied  air, 
denfity— 

(Exp.  No  22  ) 

CO 

U _ 

C3J  0 

cfa  2 

w_ 

^ 

CO 

u M 

0 

n 

>; 

w 

Mercury 

(Exp.  N°  24, 

25,  and  26.) 

V- 

B 
c r 

0 

a 

d 

V 

X 

M.S. 

M.  S. 

M.  S. 

M.S. 

M.  S. 

M S. 

M.  S. 

0 

0 5* 

0 31 

O 

O 29 

0 6 

0 19 

° 5, 

10 

0 58 

O 4O 

0 38 

0 36 

0 4 

0 8 

0 3 1 

20 

. 1 3 

O 4I 

0 44 

0 49 

° 5 

o 9 

° i 

3° 

1 18 

0 47 

0 51 

1 1 

0 9 

O II 

0 4§ 

40 

1 25 

1 4 

I 7 

I I 

0 18 

0 *5 

0 5 

5° 

1 58 

1 25 

1 19 

1 24 

0 26 

O 21 

°.  63 

60 

3 19 

2 28 

2 27 

2 3 I 

0 43 

0 34 

° >*§ 

70 

>*  57 

10  17 

10  21 

7 45 

2 13 

c 58 

80 

,0  53 

7 36 

7'  37 

7 5* 

1 5* 

1 57 

0 36|~ 

:totai 

In  determining  the  relative  conducting  powers 
of  thefe  mediums,  I have  compared  the  times 
of  the  heating  of  the  thermometers  from  o°  to  70° 
inftead  of  taking  the  whole  times  from  o°  to  8o°, 
and  this  I have  done  on  account  of  the  fmall  vari- 
ation in  the  Heat  of  the  boiling  water  arifing  from 
the  variation  of  the  weight  of  the  atmofphere,  and 
alfo  on  account  of  the  very  flow  motion  of  the 
mercury  between  the  70th  and  the  80th  degrees, 
and  the  difficulty  of  determining  the  precife  mo- 
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ment  when  the  mercury  arrives  at  the  8oth 
degree. 

Taking  now  the  conducting  power  of  mercury 
= 1000,  the  conducing  powers  of  the  other  me- 
diums, as  determinedly  thefe  Experiments,  will  be 
as  follows,  viz. 


Mercury  - 

1000 

Moift  air  - 

33° 

Water  - 

3 T3 

Common  air,  denfity=i 

80  AV. 

Rarefied  air,  denfity=z| 

8ot*A 

Rarefied  air,  denfity=T’T 

78 

The  Torricellian  vacuum 

55 

And  in  thefe  proportions  are  the  quantities  of  Heat 
which  thefe  different  mediums  are  capable  of  trans- 
mitting in  any  given  time  ; and  confequently  thefe 
numbers  exprefs  the  relative  fenfible  temperatures 
of  the  mediums,  as  well  as  their  conducting 
powers.  How  far  thefe  decifions  will  hold  good 
under  a variation,  of  circuipftances  experiment 
only  can  determine.  This  is  certainly  a fubjeCt 
of  inveftigation  not  lefs  curious  in  itfelf  than  it 
is  interefting  to  mankind  ; and  I wifh  that  what  I 
have  done  may  induce  others  to  turn  their  atten- 
tion to  this  long  negleCted  field  of  experimental 
inquiry.  For  my  own  part,  I am  determined  not 
to  quit  it. 

In  the  future  profecution  of  thefe  inquiries,  I do 
not  mean  to  confine  myfelf  folely  to  the  determin- 
ing 
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ing  of  the  conducing  powers  of  Fluids ; on  the 
contrary,  folids,  and  particularly  fuch  bodies  as 
are  made  ufe  of  for  cloathing,  will  be  principal 
fubje&s  of  my  future  Experiments.  I have  indeed 
already  begun  thefe  refearches,  and  have  madefome 
progrefs  in  them ; but  I forbear  to  anticipate  a 
matter  which  will  be  the  fubjed  of  a future  com- 
munication. 
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CHAP.  II. 

The  relative  Warmth  of  various  Subfiances  ufed 
in  making  artificial  C loathing,  determined  by  Ex- 
periment.— Relative  Warmth  of  Coverings  of  the 
fame  Thicknefs , and  formed  of  the  fame  Subfiance , 
but  of  different  Denfities. — Relative  Warmth  of 
Coverings  formed  of  equal  Quantities  of  the  fame 
Subfiance , difpofed  in  different  Ways. — Experi- 
ments made  with  a Viciv  to  determine  how  far  the 
Power  which  certain  Bodies  poffefs  of  confining 
Heat  depends  on  their  chemical  Properties. — Ex- 
periments with  Charcoal — with  Lampblack — with 
Wood-allies — Striking  Experiments  with  Semen 
Lycopodii. — All  thefe  Experiments  indicate  that  the 
Air  which  occupies  the  Interfiices  of  Subfiances 
ufed  in  forming  Coverings  for  confining  Heat, , acts  a 
very  important  Part  in  that  Operation.  — Thofe  Sub- 
fiances appear  to  prevent  the  air  from  conducing 
the  Heat. — An  Inquiry  concerning  the  Manner  in 
which  this  is  fifed ed. — This  Inquiry  leads  to  a 
decifive  Experiment  from  the  Refult  of  which  it 
appears  that  Air  is  a perfect  Non-condu&or  of 
Heat.  — This  Difcovery  affords  the  Means  of  ex- 
plaining a Variety  of  interefiing  Phenomena  in  the 
CEconomy  of  Nature. 

[Read  before  the  Royal  Society,  January  19,  1792. J 

r-rpHE  confining  and  dire&ing  of  Heat  are  objects 
of  fuch  vail  importance  in  the  oeconomy  of 
human  life,  that  I have  been  induced  to  confine  my 
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refearches  chiefly  to  thofe  points,  conceiving  that 
very  great  advantages  to  mankind  could  not  fail  to 
be  derived  from  the  difcovery  of  any  new  faCts  re- 
lative to  thefe  operations. 

If  the  laws  of  the  communication  of  Heat  from 
one  body  to  another  were  known,  meafures  might 
be  taken  with  certainty,  in  all  cafes,  for  confining 
it,  and  directing  its  operations,  and  this  would  not 
only  be  productive  of  great  oeconomy  in  the  articles 
of  fuel  and  clothing,  but  would  likewife  greatly 
increafe  the  comforts  and  conveniencies  of  life ; 
objeCts  of  which  the  philofopher  fhould  never  lofe 

flght* 

The  route  which  I have  followed  in  this  inquiry 
is  that  which  I thought  bid  faired  to  lead  to  ufeful 
difcoveries.  Without  embarrafling  myfelf  with  any 
particular  theory,  I have  formed,  to  myfelf  a plan  of 
experimental  inveftigation,  which  I conceived  would 
conduCt  me  to  the  knowledge  of  certain  fads , of 
which  we  are  now  ignorant,  or  very  imperfectly  in- 
formed, and  with  which  it  is  of  confequence  that  we 
fhould  be  made  acquainted. 

The  fil'd  great  objeCt  which  I had  in  view  in  this 
inquiry  was  to  afcertain,  if  poflible,  the  caufe  of  the 
warmth  of  certain  bodies ; or  the  circumdances 
upon  which  their  pow'er  of  confining  Heat  depends. 
This,  in  other  words,  is  no  other  than  to  determine 
the  caufe  of  the  conducting  and  non-conduCting 
power  of  bodies,  with  regard  to  Heat. 

To  this  end  I began  by  determining  by  aCtual 
experiment  the  relative  conducting  powers  of  va- 
rious 
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rious  bodies  of  very  different  natures,  both  fluids 
and  folids,  of  fome  of  which  Experiments  I have 
already  given  an  account  in  the  Paper  above  mem 
tioned,  which  is  publifhed  in  the  Transitions  of 
the  Royal  Society  for  the  year  1786;  I fhall  now, 
taking  up  the  matter  where  I left  it,  give  the  con- 
tinuation of  the  hiftory  of  my  refearches. 

Having  difcovered  that  the  Torricellian  vacuum 
is  a much  worfe  conductor  of  Heat  than  common 
air,  and  having  afcertained  the  relative  conducting 
powers  of  air,  of  water,  and  of  mercury,  under  dif- 
ferent circumftancess  I proceeded  to  examine  the 
conducting  powers  of  various  folid  bodies , and  par- 
ticularly of  fuch  fubftances  as  are  commonly  made 
ufe  of  for  clothing. 

The  method  of  making  thefe  Experiments  was  as 
follows  : a mercurial  thermometer,  (fee  Fig.  4.) 
whofe  bulb  was  about  —V  of  an  inch  in  diameter, 
and  its  tube,  about  10  inches  in  length,  was  fuf- 
pended  in  the  axis  of  a cylindrical  glafs  tube,  about 
4 of  an  inch  in  diameter,  ending  with  a globe  1 T% 
inch  in  diameter,  in  fuch  a manner  that  the  centre 
of  the  bulb  of  the  thermometer  occupied  the  centre 
of  the  globe  ; and  the  fpace  between  the  internal 
furface  of  the  globe  and  the  furface  of  the  bulb  of 
the  thermometer  being  filled  with  the  fubftance  the 
conducting  power  of  which  .was  to  be  determined, 
the  inftrument  was  heated  in  boiling  water,  and 
afterwards  being  plunged  into  a freezing  mixture  of 
pounded  ice  and  water,  the  times  of  cooling  were 
obferved,  and  noted  down. 
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The  tube  of  the  thermometer  was  divided  at 
every  tenth  degree  from  o°,  or  the  point  of  freezing, 
to  8o°,  that  of  boiling  water,  and  thefe  divifions 
being  marked  upon  the  tube  with  the  point  of  a 
diamond,  and  the  cylindrical  tube  being  left  empty, 
the  height  of  the  mercury  in  the  tube  of  the^ther- 
mometer  was  feen  through  it. 

The  thermometer  was  confined  in  its  place  by 
means  of  a (topple  of  cork,  about  i\  inch  long, 
fitted  to  the  mouth  of  the  cylindrical  tube,  through 
the  centre  of  which  (topple  the  end  of  the  tube  of 
the  thermometer  pafied,  and  in  which  it  was  ce- 
mented. 

The  operation  of  introducing  into  the  globe  the 
fubftances  the  conducting  powers  of  which  are  to  be 
determined,  is  performed  in  the  following  manner  : 
the  thermometer  being  taken  out  of  the  cylindri- 
cal tube,  about  two-thirds  of  the  fubftance  which  is 
to  be  the  fubjeCt  of  the  Experiment  are  introduced 
into  the  globe ; after  which,  the  bulb  of  the  ther- 
mometer is  introduced  a few  inches  into  the  cylin- 
der ; and,  after  it,  the  remainder  of  the  fubftance 
being  placed  round  about  the  tube  of  the  thermo- 
meter ; and  laftly,  the  thermometer  being  intro- 
duced farther  into  the  tube,  and  being  brought  into 
its  proper  place,  that  part  of  the  fubftance  which, 
being  introduced  laft,  remains  in  the^cylindrical 
tube  above  the  bulb  of  the  thermometer,  is  puflied 
down  into  the  globe,  and  placed  equally  round 
the  bulb  of  the  thermometer  by  means  of  a 
brafs  wire  which  is  palled  through  holes  made  for 
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that  purpofe  in  the  hopple  clofing  the  end  of  the 
cylindrical  tube. 

As  this  inftrument  is  calculated  merely  for  mea- 
iuring  the  paffage  of  Iieat  in  the  fubftance  the  con- 
ducting power  of  which  is  examined,  I fliall  give  it 
the  name  of pajfage-thermometer,  and  I fliall  apply  the 
fame  appellation  to  all  other  inflruments  conftrucled 
upon  the  fame  principles,  and  for  the  fame  ufe, 
which  I may  in  future  have  occafion  to  mention ; 
and  as  this  inftrument  has  been  fo  particularly  de- 
fcribed,  both  here,  and  in  my  former  Paper  upon 
the  fubjeCt  of  Heat,  in  fpeaking  of  any  others  of  the 
fame  kind  in  future  it  will  not  be  necefiary  to  enter 
into  fuch  minute  details.  I fliall,  therefore,  only 
mention  their  fzes,  or  the  diameters  of  their  bulbs, 
the  diameters  of  their  globes,  the  diameters  of  their 
cylinders,  and  the  lengths  and  divifions  of  their 
tubes,  taking  it  for  granted  that  this  will  be  quite 
fuflicient  to  give  a clear  idea  of  the  inftrument. 

In  moft  of  my  former  Experiments,  in  order  to 
afcertain  the  conducing  power  of  any  body,  the 
body  being  introduced  into  the  globe  of  the  pafiage- 
thermometer,  the  inftrument  was  cooled  to  the 
temperature  of  freezing  water,  after  which,  being 
taken  out  of  the  ice  water,  it  was  plunged  fuddenly 
into  boiling  water,  and  the  times  of  heating  from 
ten  to  ten  degrees  were  obferved  and  noted  ; and  I 
faid  that  thefe  times  were  as  the  condu&ing  power 
of  the  body  inverfely  ; but  in  the  Experiments  of 
which  I am  now  about  to  give  an  account,  I have 
in  general  reverfed  the  operation  ; that  is  to  fay, 

inftead 


435 


in  various  Subflances . 

indead  of  obferving  the  times  of  heating,  I have 
firft  heated  the  body  in  boiling  water,  and  then 
plunging  it  into  a mixture  of  pounded  ice  and  ice- 
cold  water,  I have  noted  the  times  taking  up  in  cooling. 

.1  have  preferred  this  lad  method  to  the  former, 
not  only  on  account  of  the  greater  eafe  and  conveni- 
ence with  which  a thermometer,  plunged  into  a mix- 
ture of  water,  may  be  obferved,  than  when  placed  in 
a veffel  of  boiling  water,  and  furrounded  by  hot 
deam,  but  alfo  on  account  of  the  greater  accuracy 
of  the  Experiment : For  the  heat  of  boiling  water 
varying  with  the  variations  of  the  preffure  of  the 
atmofphere,  the  Experiments  made  upon  diderent 
days  will  have  diderent  refults,  and  of  courfe,  drictly 
fpeaking,  cannot  be  compared  together ; but  the 
temperature  of  pounded  ice  and  water  is  ever  the 
fame,  and  of  courfe  the  refults  of  the  Experiments 
are  uniform. 

In  heating  the  thermometer,  I did  not  in  general 
bring  it  to  the  temperature  of  the  boiling  water, 
becaufe  this  temperature,  as  I have  jud  obferved,  is 
variable;  but  when  the  mercury  had  attained  the  750 
of  its  fcale,  I immediately  took  it  out  of  the  boiling 
water,  and  plunged  it  into  the  ice  and  water ; or, 
which  I take  to  be  dill  more  accurate,  differing  the 
mercury  to  rife  a degree  or  two  above  750,  and  then 
taking  it  out  of  the  boiling  water,  I held  it  over  the 
veffel  containing  the  pounded  ice  and  water,  ready 
to  plunge  it  into  that  mixture  the  moment  the  mer- 
cury, defcending,  paffed  the  750. 

Having  a watch  at  my  ear  which  beat  half  fe- 
conds  (which  I counted),  I noted  the  time  of  the 
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paffagc  of  the  mercury  over  the  divifions  of  the 
thermometer,  marking  70°  and  every  tenth  degree 
from  it,  defcending  to  1 o°  of  the  fcale.  I continued 
the  .cooling  to  o°,  or  the  temperature  of  the  ice  and 
water,  in  very  few  indances ; as  this  took  up  much 
time,  and  was  attended  with  no  particular  advantage, 
the  determination  of  the  times  taking  up  in  cooling 
60  degrees  of  Reaumur’s  fcale,  that  is  to  fay,  from 
70°  to  io°,  being  quite  fufficient  to  afcertain  the 
conducing  power  of  any  body  whatever. 

During  the  time  of  cooling  in  ice  and  water,  the 
thermometer  was  condantly  moved  about  in  this 
mixture  from  one  place  to  another  ; and  the^e  was 
always  fo  much  pounded  ice  mixed  with  the  water, 
that  the  ice  appeared  above  the  furface  of  the  water  ; 
the  veffel,  which  was  a large  earthen  jar,  being  Ijrft 
quite  filled  with  pounded  ice,  and  the  water  being 
afterwards  poured  upon  it,  and  frefh  quantities  of 
pounded  ice  being  added  as  the  occafion  required. 

Having  defcribed  the  apparatus  made  ufd  of  in 
thefe  Experiments,  and  the  manner  of  performing 
the  different  operations,  I fhall  now  proceed  to  give 
an  account  of  the  Experiments  themfelves. 

My  fird  attempt  was  to  difcover  the  relative  con- 
ducing powers  of  fuch  fubdances  as  are  commonly 
made  ufe  of  for  clothing  ; accordingly,  having  pro- 
cured a quantity  of  raw fdk , as  fpun  by  the  worm; 
Jfheep’s  wool ; cotton  wool ; linen  in  the  form  of  the 
fined  lint,  being  the  fcrapings  of  very  fine  Irifh 
linen  ; the  fined  part  of  th e fur  of  the  beaver , fepa- 
rated  from  the  fkin,  and  from  the  long  hair ; the 
fined  part  of  (he  fur  of  a white  Ruffian  hare  ; and 
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Eider  down;  I introduced  fucceflively  16  grains  in 
weight  of  each  of  thefe  fubftances  into  the  globe  of 
the  paffage-thermometer,-  and  placing  it  carefully 
and  equally  round  the  bulb  of  the  thermometer,  I 
heated  the  thermometer  in  boiling  water,  as  before 
defcribed,  and  taking  it  out  of  the  boiling  water, 
plunged  it  into  pounded  ice  and  water,  and  ob- 
ferved  the  times  of  cooling. 

But  as  the  interfaces  of  thefe  bodies  thus  placed 
in  the  globe  were  filled  with  air,  I firfl  made  the 
Experiment  with  air  alone,  and  took  the  refult  of 
that  Experiment,  as  a ftandard  by  which  to  com- 
pare all  the  others  j the  refults  of  three  Experi- 
ments with  air  were  as  follow : 


The  bulb  of  the  thermometer  furrounded  by  air. 


Heat  loft. 

Exp.  No.  1. 

Exp.  No.  2. 

Heat 

acquired. 

Exp.  No.  3. 

Time 

elapfed. 

Time 

elapfed. 

Time 

elapfed. 

7°° 

— 

— 

IO° 

— 

6o° 

38" 

38" 

2 0° 

39" 

50° 

46 

46 

3°° 

43 

4°° 

59 

59 

4°° 

53 

3°° 

80 

79 

5°° 

67 

2 0° 

122 

122 

60° 

96 

C 

O 

23 1 

230 

7°° 

»7  5 

Total  times. 
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574 

— , 

473 
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The  following  Table  {hows  the  refults  of  the 
Experiments,  with  the  various  fubffanees  therein 
mentioned : 


cH 

n 

X 

Ih 

< 

Raw  filk, 

1 6 grs. 

Sheep’s  wool, 
16  grs. 

Cotron  woo), 

16  grs. 

Fine  linr, 

16  grs. 

Beaver’s  fur, 

16  grs. 

Hare’s  fur, 

16  grs. 

Eider  down, 

i6gis. 

Exp.  1. 

Exp.  4. 

Exp.  5. 

Exp.  6. 

Exp.  7. 

Exp.  8. 

Exp.  9. 

Ex.  10. 

70° 



— - 

— 

_ 

— 

— 

_ 

60° 

38  7 

94" 

79" 

83" 

So' 

99  ' 

97" 

98" 

50° 

46 

I IO 

93 

95 

93 

J 16 

117 

ir6 

40° 

39 

133 

i j 3 

117 

”5 

153 

144 

146 

300 

80 

J8s 

162 

I s 2 

I 1,0 

185 

193 

192 

20° 

122 

273 

238 

221 

21S 

265 

270 

268 

IC° 

231 

489 

426 

378 

376 

478 

494 

485 

T otal  limes. 

<176 

1284 

ms 

1046 

10^2 

i2q6 

MU 

1 20  5 

Now  the  warmth  of  a body,  or  its  power  to  con- 
fine Heat,  being  as  its  power  of  reft  ding  the  paflage 
of  Heat  through  it,  (which  I {hall  call  its  non-con- 
(Putting  power ,)  and  the  time  taken  up  by  any  body 
in  cooling,  which  is  furrounded  by  any  medium 
through  which  the  Heat  is  obliged  to  pafs,  being,' 
cateris  paribus,  as' the  refinance  which  the  medium 
oppofes  to  the  paflage  of  the  Heat,  it  appears  that 
the  warmth  of  the  bodies  mentioned  in  the  fore- 
going Table  are  as  the  times  of  cooling ; the  con- 
chitting  powers  being  inverfely  as  thofe  times,  as 
I have  formerly  fhcrwn. 

From  the  refults  of  the  foregoing  Experiments 
it  appears,  that  of  the  feven  different  fubftances 
made  ufe  of,  hare’s  fur  and  Eider  down  were  the 
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warmed; ; after  thefe  came  beaver’s  fur  ; raw  filk  ; 
fheep’s  wool ; cotton  wool ; and  kftly,  lint,  or  the 
fcrapings  of  fine  linen  ; but  I acknowledge  that  the 
differences  in  the  warmth  of  thefe  fubfiances  were 
much  lefs  than  I expected  to  have  found  them. 

Sufpedting  that  this  might  arife  from  the  vo- 
lumes or  folid  contents  of  the  fubfiances  being 
different,  (though  their  \yeights  were  the  fame,) 
arifing  from  the  difference  of  their  fpecific  gravities  ; 
and  as  it  was  not  eafy  to  determine  the  fpecific  gra- 
vities of  thefe  fubfiances  with  accuracy  ; in  order  to 
fee  how  far  any  known  difference  in  the  volume 
or  quantity  of  the  fame  fubftance,  confined  always 
in  the  fame  fpace,  would  add  to  or  diminifh  the 
time  of  cooling,  or  to  the  apparent  warmth'  of  the 
covering,  I made  the  three  following  Experi- 
ments. 

In  the  firff,  the  bulb  of  the  thermometer  was  fur- 
rounded  by  16  grains  of  Eider  down ; in  the 
fecond  by  32  grains;  and  in  the  third  by  64 
grains ; and  in  all  thefe  Experiments  the  fubfiance 
was  made  to  occupy  exactly  the  fame  fpace,  viz. 
the  whole  internal  capacity  of  the  glafs  globe,  in 
the  centre  of  which  the  bulb  of  the  thermometer 
was  placed  ; conlequently  the  thicknefs  of  the 
covering  of  the  thermometer  remained  the  fame, 
while  its  denfity  was  varied  in  proportion  to  the 
numbers  1,  2,  and  4. 

The  refults  of  thefe  Experiments  were  as  follow  : 
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The  bulb  of  the  thermometer  being  furrou-nded 
by  Eider  down. 


Heat  loft. 

1 6 grains. 

32  grains. 

64  grains. 

(Exp.  No.  ii.) 

(Fxp.  No.  12.) 

(Exp.  No.  1 3.) 

7o° 

— 

, 

6o° 

97" 

. rr 

1 1 1 

112" 

5°° 

1 '7 

128 

I 

4o° 

HS 

'57 

1 65 

3°° 

192 

207 

224 

20° 

267 

3 "4 

0,2  6 

IO° 

486 

565 

658 

Total  times. 

O 

m 

HH 

1472 

l6l  5 

Without  flopping  at  prefent  to  draw  any  par- 
ticular conclusions  from  the  refults  of  thefe  Ex- 
periments, I Shall  proceed  to  give  an  account  of 
fome  others,  which  will  afford  us  a little  further 
infight  into  the  nature  of  fome  of  the  circumflances 
upon  which  the  warmth  of  covering  depends. 

Finding,  by  the  laft  Experiments,  that  the  denfity 
of  the  covering  added  fo  confiderably  to  the 
warmth  of  it,  its  thicknefs  remaining  the  fame,  I 
was  now  defirous  of  discovering  how  far  the  inter- 
nal flrudure  of  it  contributed  to  render  it  more  or 
Jefs  pervious  to  Heat,  its  thicknefs  and  quantity 
of  matter  remaining  the  fame.  By  internal  Struc- 
ture, I mean  the  difpofition  of  the  parts  of  the 
fubilance  which  forms  the  covering ; thus  they 
may  be  extremely  divided,  or  very  fine,  as  raw 
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filk  as  fpun  by  the  worms,  and  they  may  be 
equally  diftributed  through  the  whole  fpace  they 
occupy  ; or  they  may  be  coarfer,  or  in  larger 
mafles,  with  larger  interfaces,  as  the  ravelings  of 
cloth,  or  cuttings  of  threads. 

If  Heat  paffed  through  the  fubftances  made  ufe 
of  for  covering,  and  if  the  warmth  of  the  covering 
depended  folely  upon  the  difficulty  which  the  Heat 
meets  with  in  its  paffage  through  the  fubftances,  or 
folid  parts , of  which  they  are  compofed  ; in  that 
cafe,  the  warmth  of  covering  would  be  always, 
cater  is  paribus , as  the  quantity  of  materials  of 
. which  it  is  compofed ; but  that  this  is  not  the 
cafe,  the  following,  as  well  as  the  foregoing  Expe- 
riments clearly  evince. 

Having,  in  the  Experiment  N°  4,  afcertained 
the  warmth  of  16  grains  of  raw  filk,  I now  re- 
peated the  Experiment  with  the  fame  quantity, 
or  weight,  of  the  ravelings  of  white  taffety,  and 
afterwards  with  a like  quantity  of  common  fewing 
filk,  cut  into  lengths  of  about  two  inches. 

The  following  Table  {hows  the  refults  of  thefe 
three  Experiments : 


I 


HH  3 


440  Of  the  Propagation  of  Heat. 


Heat  loft. 

(A 

CO 

VO 

e» 

V3 

£ 

cs 

& 

Ravelings  of  taffety, 

16  grs. 

Sewing  filk  cut 

into  lengths, 

1 6 grs. 

Exp.  4. 

Exp.  14. 

Exp.  15. 

7o° 

— 

— 

— 

6o° 

9+" 

90" 

67" 

5°° 

1 10 

I06 

79 

40° 

*33 

128 

99 

30° 

185 

172 

*3S 

20° 

273 

246 

l9S 

io° 

489 

427 

342 

Total  tirtnes. 

1 284 

1 169 

917 

Here,  notwithflanding  that  the  quantities  of  the 
filk  were  the  fame  in  the  three  Experiments,  and 
though  in  each  of  them  it  was  made  to  occupy  the 
fame  fpace,  yet  the  warmth  of  the  coverings  which 
were  formed  were  very  different,  owing  to  the  dif- 
ferent difpofition  of  the  material. 

The  raw  filk  was  very  fine,  and  was  very  equally 
diflributed  through  the  fpace  it  occupied,  and  it 
formed  a warm  covering. 

The  ravelings  of  taffety  were  alfo  fine,  but  not 
fo  fine  as  the  raw  filk,  and  of  courfe  the  interftices 
between  its  threads  were  greater,  and  it  was  lefs 
warm  ; but  the  cuttings  of  fewing  filk  were  very 
coarfe,  and  confequently  it  was  very  unequally  dif- 
tributed  in  the  fpace  in  which  it  was  confined  ; and 
it  made  a very  bad  covering  for  confining  Heat. 

It 
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It  is  clear  from  the  refults  of  the  five  lafl 'Experi- 
ments, that  the  air  which  occupies  the  interftices 
of  bodies,  made  ufe  of  for  covering,  adts  a very- 
important  part  in  the  operation  of  confining  Heat ; 
yet  I {hall  poftpone  the  examination  of  that  circum- 
ftance  till  I fhall  have  given  an  account  of  feveral 
other  Experiments,  which,  I think,  will  throw  Rill 
more  light  upon  that  fubjedt. 

But,  before  I go  any  further,  I will  give  an  ac- 
count of  three  Experiments  which  I made,  or 
rather  the  fame  Experiment  which  I repeated  three 
times  the  fame  day,  in  order  to  fee  how  far  Expe- 
riments of  this  kind  may  be  depended  on,  as  being 
regular  in  their  refults. 

The  glafs  globe  of  the  paflage-thermometer 
being  filled  with  16  grains  of  cotton-wool,  the 
inftrument  was  heated  and  cooled  three  times,  fuc- 
ceflively,  when  the  times  of  cooling  were  obferved 
as  follows : 


Heat  loit. 

Exp.  16. 

Exp.  17. 

Exp.  18. 

70° 

- 

. 

_ 

6o° 

82" 

84" 

83" 

S°°- 

96 

95 

95 

^O0 

I l8 

117 

1 16 

3°° 

I52 

>53 

1 5 1 

20° 

221 

22  t 

220 

io° 

380 

377 

377 

j Total  times. 

IO49 

1047 

1042 

The  difference  of  the  times  of  cooling  in  thefe 
three  Experiments  was  extremely  fmall ; but  re- 

h H 4 gular 
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gular  as  thefe  Experiments  appear  to  have  been  in 
their  refults,  they  were  not  more  fo  than  the  other 
Experiments  made  in  the  fame  way,  many  of  which 
were  repeated  two  or  three  times,  though,  for  the 
fake  of  brevity,  I have  put  them  down  as  fingle 
Experiments. 

But  to  proceed  in  the  account  of  my  inveftiga- 
tions  relative  to  the  caufes  of  the  warmth  of  warm 
clothing.  Having  found  that  the  finenefs  and  equal 
diftribution  of  a body  or  fubftance  made  ufe  of  to 
form  a covering  to  confine  Heat,  contributes  fo 
much  to  the  warmth  of  the  covering,  I was 
defirous,  in  the  next  place,  to  fee  the  effect  of  con - 
denfing  the  covering,  its  quantity  of  matter  remain- 
ing the  fame,  but  its  thicknefs  being  diminilhed  in 
proportion  to  the  increafe  of  its  denfity. 

The  Experiment  I made  for  this  purpofe  was  as 
follows: — I took  1 6 grains  of  common  fewing 
filk,  neither  very  fine- nor  very  coarfe,  and  winding 
it  about  the  bulb  of  the  thermometer  in  fuch  a 
manner  that  it  entirely  covered  it,  and  was  as 
nearly  as  poffible  of  the  fame  thicknefs  in  every 
part,  I replaced  the  thermometer  in  its  cylinder  and 
globe,  and  heating  it  in  boiling  water,  cooled  it  in 
ice  and  water,  as  in  the  foregoing  Experiments. 
The  refult  of  the  Experiment  may  be  feen  in  the 
following  Table ; and  in  order  that  it  may  be 
compared  with  thofe  made  with  the  fame  quantity 
of  filk  differently  difpofed  of,  I have  placed  thofe 
Experiments  by  the  fide  of  it ; 
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Heat  loft. 

M 

V* 

fee 

vo 

M 

VS 

£ 

rl 

Fine  ravelings  of 

taffeiy,  i 6 grs. 

Sewing  filk.  cut 

into  lengths, 

16  grs. 

Sewing  filk, 

16  grs.  wound 

round  the  bulb 

of  the  thermo- 

meter. 1 

Exp.  No.  4. 

Exp.  No.  14. 

Exp.  No.  1 5. 

Exp.  No.  19. 

7°° 

_ 

_ 

__ 

6o° 

_ n 

9\ 

90 

67" 

46". 

5°° 

1 10 

I06 

79 

62 

4°° 

133 

128 

99 

85 

3°° 

«»5 

172 

>35 

12  I 

20° 

273 

246 

>95 

>9 1 

io° 

489 

427 

342 

399 

Total  time?. 

1214 

H69 

Q>7 

904 

It  is  not  a little  remarkable,  that,  though  the 
covering  formed  of  fewing  filk  wound  round  the 
bulb  of  the  thermometer  in  the  19th  Experiment, 
appeared  to  have  fo  little  power  of  confining  the 
Heat  when  the  inftrument  was  very  hot,  or  when 
it  was  fir  ft  plunged  into  the  ice  and  water,  yet 
afterwards,  when  the  Heat  of  the  thermometer  ap- 
proached much  nearer  to  that  of  the  furrounding 
medium,  its  power  of  confining  the  Heat  which 
remained  in  the  bulb  of  the  thermometer  appeared 
to  be  even  greater  than  that  of  the  filk  in  the 
Experiment  N°  15,  the  time  of  cooling  from  20 0 to 
io°  being  in  the  one  399",  and  in  the  other  342". 
The  fame  appearance  was  obferved  in  the  following 
Experiments,  in  which  the  bulb  of  the  thermome- 
ter was  furrounded  by  threads  of  wool , of  cotton , 
and  of  linen , or  flax,  wound  round  it,  in  the  like 

manner 
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manner  as  the  fewing  filk  was  wound  round  it  in 
the  kit  Experiment. 

The  following  Table  {hows  the  refults  of  thefe 
Experiments,  with  the  threads  of  various  kinds ; 
and  that  they  may  the  more  eafily  be  compared 
with  thofe.made  with  the  fame  quantity  of  the  fame 
fubftances  in  a different  form,  I have  placed  the  ac- 
counts of  thefe  Experiments  by  the  fide  of  each 
other.  I have  alfo  added  the  account  of  an  Expe- 
riment, in  which  1 6 grains  of  fine  linen  cloth  were 
wrapped  round  the  bulb  of  the  thermometer,  going 
round  it  nine  times,  and  being  bound  together 
at  the  top  and  bottom  of  it,  fo  as  completely  to 
cover  it. 


o 

<n 

o 

X 

1 

Sheep' i -wool,  1 6 grains, 
furrounding  the  bulb 
of  the  thermomeier. 

Woollen  thread , 16  grains, 
wound  round  the  bulb 
of  the  thermometer. 

Cotton  wool,  16  grains, 
furrounding  the  bulb 
of  the  thermometer- 

Cotton  thread,  16  grains,  1 
wound  round  the  bulb  | 
of  the  thermometer.  | 

Lint,  16  grains,  fur- 
■ rounding  the  bulb  of 

the  thermometer. 

Linen  thread,  1 6 grains, 
wound  round  the  bulb 
of  the  thermomettr. 

*>  O 1 

2 O 

•5  " e 

c *-* 

0 2 

M Og 

*5-0^ 

0 0 0 . 

a-  u 

hiE 

Exp.  5. 

Ex.  20. 

Exp.  6. 

Ex.  2 1 . 

Exp.  7. 

Ex.  22. 

Exp.  23. 

7 c0 







— 

— 

— 

6oo 

79" 

46" 

83" 

45" 

So 

46" 

42/; 

50° 

95 

63 

95 

60 

93 

62 

56 

40° 

118 

89 

117 

83 

J«J 

83 

74 

3°° 

162 

126 

152 

1 1 5 

150 

117 

108 

20° 

23S 

200 

22  1 

179 

218 

1 80 

ib8 

IO° 

426 

410 

378 

370 

376 

385 

338 

Total  times. 

1 1 18 

1046 

822 

10^2 

872 

783 

That  thread  wound  light  round  the  bulb  of  the 
thermometer  fhould  form  a covering  lefs  warm 
than  the  fame  quantity  of  wool,  or  other  raw 

materials 
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materials  of  which  the  thread  is  made,  furrounding 
the  bulb  of  the  thermometer  in  a more  loofe  man- 
ner, and  confequently  occupying  a greater  fpace, 
is  no  more  than  what  I expe&ed,  from  the  idea  I 
had  formed  of  the  caufes  of  the  warmth  of  cover- 
ing ; but  I confefs  I was  much  furprifed  to  find 
that  there  is  fo  great  a difference  in  the  relative 
warmth  of  thefe  two  coverings,  when  they  are  em- 
ployed to  confine  great  degrees  of  Heat,  and  when 
the  Heat  they  confine  is  much  lefs  in  proportion  to 
the  temperature  of  the  furrounding  medium.  This 
difference  was  very  remarkable  ; in  the  Experi- 
ments with  fheep’s  wool,  and  with  woollen  thread, 
the  warmth  of  the  covering  formed  of  16  grains  of 
the  former,  was  to  that  formed  of  16  grains  of  the 
latter,  when  the  bulb  of  the  thermometer  was 
heated  to  70°  and  cooled  to  6o°,  as  79  to  46  (the 
furrounding  medium  being  at  o°j  ; but  afterwards, 
when  the  thermometer  had  only  fallen  from  20°  to 
io°  of  Heat,  the  warmth  of  the  wool  was  to  that 
of  the  woollen  thread  only  as  426  to  410  ; and  in 
the  Experiments  with  lint,  and  with  linen  thread, 
when  the  Heat  was  much  abated,  the  covering  of 
the  thread  appeared  to  be  even  warmer  than  that 
of  the  lint,  though  in  the  beginning  of  the  Experi- 
ments, when  the  Heat  was  much  greater,  the  lint 
was  warmer  than  the  thread,  in  the  proportion  of 
80  to  46. 

From  hence  it  fhould  feem  that  a covering  may, 
under  certain  circumftances,  be  very  good  for  con- 
fining finall  degrees  of  warmth,  which  would  be 
but  very  indifferent  when  made  ufe  of  for  confining 

a more 
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a more  intenfe  Heat,  and  vice  verfa.  This,  I be- 
lieve, is  a new  fact ; and,  I think  the  knowledge  of 
it  may  lead  to  further  difcoveries  relative  to  the 
caufes  of  the  warmth  of  coverings,  or  the  manner 
in  which  Heat  makes  its  paffage  through  them. 
But  I forbear  to  enlarge  upon  this  fubject,  till  I 
fhall  have  given  an  account  of  feveral  other  Expe- 
riments, which  I think  throw  more  light  upon  it, 
and  which  will  confequently  render  the  invelligation 
eafier  and  more  fatisfafrory. 

With  a view  to  determine  how  far  the  power 
which  certain  bodies  appear  to  poflefs  of  confining 
Heat,  when  made  ufe  of  as  covering,  depends 
upon  the  natures  of  thofe  bodies,  confiderea  as 
chymical  fubflances,  or  upon  the  chymical  prin- 
ciples of  which  they  are  compofed,  I made  the 
following  Experiments. 

As  charcoal  is  fuppofed  to  be  compofed  almofl 
entirely  of  phlogifton  *,  I thought  that,  if  that  prin- 
ciple was  the  caufe  either  of  the  conducting  power, 
or  the  non-condu&ing  power  of  the  bodies  which 
contain  it,  I fhould  difcover  it  by  making  the  Expe- 
riment with  charcoal,  in  the  manner  as  I had  done 
with  various  other  bodies.  Accordingly,  having 
filled  the  globe  of  the  pafiage-thermometer  with  1 76 
grains  of  that  fubftance  in  very  fine  powder,  (it 
having  been  pounded  in  a mortar,  and  fifted  through 
a fine  fieve,)  the  bulb  of  the  thermometer  being 
furrounded  by  this  powder,  the  inftrument  was 
heated  in  boiling  water,  and  being  afterwards 

* This  was  written  in  the  year  1787,  when  PLlogiflon  was  by  many 
fuppofed  to  have  a real  exigence. 

plunged 
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plunged  into  a mixture  of  pounded  ice  and  water, 
the  times  of  cooling  were  obferved  as  mentioned  in 
the  following  Table.  I afterwards  repeated  the 
Experiment  with  lampblack,  and  with  very  pure 
and  very  dry  wood  afhes  j the  refults  of  which 
Experiments  were  as  under-mentioned  : 


The  bulb  of  the  thermometer  furrounded  by 

176  grains  of 

176  grains  of 

19  5 grains  of 

707  grains  of 

Heat  loft. 

fine  powder 

fine  powder 

lampblack. 

pure  dry 

of  charcoal. 

of  charcoal. 

wood  allies. 

Exp.  No.  24. 

Exp.  No.  25. 

Exp.  No.  26. 

Exp.  No.  27. 

7O0 

— 

— 

— 

— 

6o° 

79" 

9'" 

124" 

96" 

5°° 

95 

9* 

1 1 8 

92 

4°° 

100 

1 09 

134 

107 

3°° 

>39 

133 

164 

136 

20° 

196 

192 

237 

l«5 

1 o° 

33* 

32 1 

394 

3 J 1 

Total  times. 

940 

937 

“7* 

927 

The  Experiment  N°  25  was  fimply  a repetition 
of  that  numbered  24,  and  was  made  immediately 
after  it ; but,  in  moving  the  thermometer  about  in 
the  former  Experiment,  the  powder  of  charcoal 
which  filled  the  globe  was  fhaken  a little  together, 
and  to  this  circumflance  I attribute  the  difference 
in  the  refults  of  the  two  Experiments. 

In  the  Experiments  with  lampblack,  and  with 
wood  afhes,  the  times  taken  up  in  cooling  from 
yo°  to  6o°  were  greater  than  thofe  employed  in 
cooling  from  603  to  50° ; this  mod  probably  arofe 

from 
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from  the  confiderable  quantity  of  Heat  contained 
by  thefe  fubftances,  which  was  firft  to  be  difpofed 
of,  before  they  could  receive  and  communicate  to 
the  furrounding  medium,  that  which  was  contained 
by  the  bulb  of  the  thermometer. 

The  next  Experiment  I made  was  with  femen 
lycopodii , commonly  called  witch-meal,  a fubltance 
which  poflefles  very  extraordinary  properties.  It  is 
almofl  impoflible  to  wet  it ; a quantity  of  it  ftrewed 
upon  the  furface  of  a bafin  of  water,  not  only 
fwims  upon  the  water  without  being  wet,  but  it 
prevents  other  bodies  from  being  wet  which  are 
plunged  into  the  water  through  it  ; fo  that  a piece 
of  money,  or  other  folid  body,  may  be  taken  from 
the  bottqm  of  the  bafin  by  the  naked  hand,  with- 
out wetting  the  hands  ; which  is  one  of  the  tricks 
commonly  fnown  by  the  jugglers  in  this  country 
(Bavaria) : this  meal  covers  the  hand,  and  defend- 
ing along  'with  it  to  the  bottom  of  the  bafin, 
defends  it  from  the  water.  This  fubftance  has  the 
appearance  of  an  exceeding  fine,  light,  and  very 
moveable  yellow  powder,  and  it  is  very  inflammable  $ 
fo  much  fo,  that  being  blown  out  of  a quill  into  the 
flame  of  a candle,  it  flaflies  like  gunpowder,  and  it 
is  made  ufe  of  in  this  manner  in  our  theatres  for 
imitating  lightning. 

Conceiving  that  there  mud  have  been  a ftrong 
attraction  between  this  fubftance  and  air,  and  fuf- 
peCting,  from  fome  circumftances  attending  fome 
of  the  foregoing  Experiments,  that  the  warmth  of 
a covering  depends  not  merely  upon  the  finenefs  of 

the 
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the  fubftance  of  which  the  covering  is  formed,  and 
the  diipofition  of  its  parts,  but  that  it  arifes  in  fome 
meafure  from  a certain  attraction  between  the  rub- 
fiance  and  the  air  which  fills  its  interlaces,  I thought 
that  an  Experiment  with  femen  lycopodii  might  pof- 
fibly  throw  fome  light  upon  this  matter  ; and  in 
this  opinion  I was  not  altogether  miftaken,  as  will 
appear  by  the  refults  of  the  three  following  Expe- 
riments. 


The  bulb  of  the  thermometer  furrounded  by 

256  grs.  of  femen  lycopodii. 

Heat  loll. 

Cooled. 

Cooled. 

Heat 

Heated. 

Exp.  No.  28- 

Exp.  No.  29. 

acquired. 

Exp.  No.  30. 

70° 

— 

— 

o° 

■ 

6o° 

146" 

157" 

IO° 

230" 

5°° 

162 

1 60 

20° 

68 

4o° 

*75 

170 

3°° 

63 

3°° 

209 

203 

4°° 

76 

20° 

284 

288 

5°° 

1 2 1 

10° 

502 

5!3 

6o° 

316 

' 

' 

O 

O 

fs8,5 

Total  times. 

14'8 

1 49 1 

— 

2459 

In  the  lad  Experiment  (N°  30)  the  refult  of 
which  was  fo  very  extraordinary,  the  inflrument 
was  cooled  to  o°  in  thawing  ice,  after  which  it  was 
plunged  fuddenly  into  boiling  water,  where  it  re- 
mained till  the  inclofed  thermometer  had  acquired 
the  Ileat  of  70°,  w'hich  took  up  no  lefs  than  245S 
feconds,  or  above  40  minutes ; and  it  bad  remained 
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in  the  boiling  water  full  a minute  and  an  half  before 
the  mercury  in  the  thermometer  flowed  the  leaf 
fgn  of  rifing.  Having  at  length  been  put  into  mo- 
tion, it  rofe  very  rapidly  40  or  50  degrees,  after  * 
which  its  motion  gradually  abating  became  fo  flow, 
that  it  took  up  1585  feconds,  or  fomething  more 
than  26  minutes,  in  rifing  from  6o°  to  70°,  though 
the  temperature  of  the  medium  in  which  it  was  placed 
during  the  whole  of  this  time  wras  very  nearly  8o°; 
the  mercury  in  the  barometer  handing  but  little 
fliort  of  27  Paris  inches. 

All  the  different  fubfiances  which  I had  yet  made 
ufe  of  in  thefe  Experiments  for  furrounding  or 
covering  the  bulb  of  the  thermometer,  fluids  ex- 
cepted, had,  in  a greater,  or  in  a lefs  degree  confined 
the  Heat,  or  prevented  its  pafling  into  or  out  of  the 
thermometer  fo  rapidly  as  it  would  have  done,  had 
there  been  nothing  but  air  in  the  glafs  globe,  in  the 
centre  of  which  the  bulb  of  the  thermometer  was 
fufpended.  But  the  great  queflion  is,  how,  or  in 
what  manner,  they  produced  this  effeCt  ? 

And  full,  it  was  not  in  confequence  of  their  own 
non-conduCting  powers,  Amply  confidered  ; for,  if 
Inffead  of  being  only  bad  conductors  of  Heat,  w'e 
fuppofe  them  to  have  been  totally  impervious  to 
Heat,  their  volumes  or  folid  contents  were  fo  ex- 
ceedingly fmall  in  proportion  to  the  capacity  of  the 
globe  in  which  they  were  placed,  that,  had  they 
had  no  effeCt  whatever  upon  the  air  filling  their  in- 
terftices,  that  air  would  have  been  fufficient  to  have 
condudted  all  the  Heat  communicated,  in  lefs  time 
than  was  actually  taken  up  in  the  Experiment. 

The 
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The  diameter  of  the  globe  being  1,6  inches,  its 
contents  amounted  to  2,14466  cubic  inches;  and 
the  contents  of  the  bulb  of  the  thermometer  being 
only  0,08711  of  a cubic  inch,  (its  diameter  being 
0,55  of  an  inch,)  the  fpace  between  the  bulb  of  the 
thermometer  and  the  internal  furface  of  the  globe 
amounted  to  2,14466 — 0,0871 1=2,05755  cubic 
inches  ; the  whole  of  which  fpace  was  occupied 
by  the  fubftances  by  which  the  bulb  of  the  ther- 
mometer was  furrounded  in  the  Experiments  in 
queftion. 

But  though  thefe  fubftances  occupied  this  fpace, 
they  were  far  from  filing  it ; by  much  the  greater 
part  of  it  being  filled  by  the  air  which  occupied  the 
interftices  of  the  fubftances  in  queftion.  In  the 
Experiment  N°  4,  this  fpace  was  occupied  by  16 
grains  of  raw  filk ; and  as  the  fpecific  gravity  of  raw 
filk  is  to  that  of  water  as  1734  to  1000,  the  volume 
of  this  fftk  was  equal  to  the  volume  of  9,4422 
grains  of  water  ; and  as  1 cubic  inch  of  water  weighs 
253, 1 85  grains,  its  volume  was  equal  to 
11:0,037294  of  a cubic  inch  ; and,  as  the  fpace 
it  occupied  amounted  to  2,05755  cubic  inches,  it 
appears  that  the  filk  filled  no  more  than  about  rlr 
part  of  the  fpace  in  which  it  was  confined,  the 
reft  of  that  fpace  being  filled  with  air. 

In  the  Experiment  N°  1 , when  the  fpace  between 
the  bulb  of  the  thermometer  and  the  glafs  globe, 
in  the  centre  of  which  it  was  confined,  was  filled 
with  nothing  but  air,  the  time  taken  up  by  the 
thermometer  in  cooling  from  70°  to  iou  was 
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576  feconds ; but  in  the  Experiment  N°  4,  when 
this  fame  fpace  was  filled  with  54  parts  air,  and 
1 part  raw  filk,  the  time  of  cooling  was  1284 
feconds. 

Now,  fuppofing  that  the  filk  had  been  totally  in- 
capable of  conducing  any  Heat;at  all,  if  we  fuppofe, 
at  the  fame  time,  that  it  had  no  power  to  prevent 
the  air  remaining  in  the  globe  from  conducting  it, 
in  that  cafe  its  prefence  in  the  globe  could  only  have 
prolonged  the  time  of  cooling  in  proportion  to  the 
quantity  of  the  air  it  had  difplaced  to  the  quantity 
remaining,  that  is  to  fay,  as  1 is  to  54,  or  a little 
more  than  10  feconds.  But  the  time  of  cooling 
was  actually  prolonged  708  feconds  (for  in  the 
Experiment  N°  1,  it  was  576  feconds,  and  in  the  Ex- 
periment N°4,  it  was  1284  feconds,  as  has  juft 
been  obferved)  ; and  this  fhows,  that  the  filk  not 
only  did  not  conduCt  the  Heat  itfelf,  but  that  it  pre- 
vented the  air  by  which  its  interftices  were  filled 
from  conducing  it ; or,  at  leaft,  it  greatly  weakened 
its  power  of  conducting  it. 

The  next  queftion  which  arifes  is,  how  air  can 
be  prevented  from  conducting  Heat  ? and  this 
neceflarily  involves  another,  which  is,  how  does 
air  conduct  Heat  ? 

If  air  conducted  Heat,  as  it  is  probable  that  the 
metals  and  water,  and  all  other  folid  bodies  anc^ 
unelaftic  fluids  conduCt  it,  that  is  to  fay,  if  its  par- 
ticles remaining  in  their  places,  the  Heat  pafied 
from  one  particle  to  another,  through  the  whole 

inafs, 


in  various  Subjiances . 453 

iriafs, — as  there  is  no  reafon  to  fuppofe  that  the 
propagation  of  Heat  is  necelfarily  in  right  lines,' 

I cannot  conceive  how  the  interpofitioti  of  fo  fmall 
a quantity  of  any  folid  body  as  T‘T  part  of  the 
volume  of  the  air  could  have  effected  fo  remarkable 
a diminution  of  the  condu&ing  power  of  the  air, 
as  appeared  in  the  Experiment  (N°  4)  with  raw 
filk,  above  mentioned. 

. <If  air  and  water  conducted  Heat  in  the  fame 
manner,  it  is  more  than  probable  that  their  con- 
ducting powers  might  be  impaired  by  the  fame 
means  $ but  when  I made  the  Experiment  with 
water,  tby  filling  the  glafs  globe,  in  the  centre  of 
which  the  bulb  of  the  thermometer  was  fufpended, 
with  that  fluid,  and  afterwards  varied  the  Experi- 
ment, by  adding  16  grains  of  raw  filk  to  the 
water,  I did  not  find  that  the  conducing  power 
of  the  water  was  fenfibly  impaired  by  the  prefence 
of  the  filk  *. 

But  we  have  juft  feen  that  the  fame  filk,  mixed 
with  an  equal  volume  of  air,  diminifhed  its  con- 
ducting power  in  a very  remarkable  degree  ; con- 
fequently,  there  is  great  reafon  to  conclude  that 
water  and  air  condudt  Heat  in  a different  manner. 

But  the  following  Experiment,  I think,  puts 
the  matter  beyond  all  doubt. 

* The  Experiment  here  mentioned  was  made  in  the  year  1787  ; 
but  the  refult  of  a more  careful  inveftigation  of  the  fubjeil  has  fince 
/hown  that  Heat  is  not  propagated  in  water  in  the  manner  here 
fuppofed.  (See  Eflay  VII,) 
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It  is  well  known,  that  the  power  which  air 
poffefies  of  holding  water  in  folution  is  augmented 
by  Heat,  and  diminifhed  by  cold,  and  that,  if  hot 
air  is  faturated  with  water,  and  if  this  air  is  after- 
wards cooled,  a part  of  its  water  is  neceffarily 
depofed. 

I took  a cylindrical  bottle  of  very  clear  tranf- 
parent  glafs,  about  8 inches  in  diameter,  and  12 
inches  high,  with  a fhort  and  narrow  neck,  and 
fufpending  a finall  piece  of  linen  rag,  moderately 
wet,  in  the  middle  of  it,  I plunged  it  into  a large 
veffel  of  water,  warmed  to  about  ioo°  of  Fahren- 
heit’s thermometer,  where  I fuffered  it  to  remain 
till  the  contained  air  was  not  only  warm,  but  tho- 
roughly faturated  with  the  moiflure  which  it  at- 
tracted from  the  linen  rag,  the  mouth  of  the  bottle 
being  well  flopped  up  during  this  time  with  a good 
cork;  this  being  done,  I removed  the  cork  for 
a moment,  to  take  away  the  linen  rag,  and  flopping 
up  the  bottle  again  immediately,  I took  it  out  of 
the  warm  water,  and  plunged  it  into  a large  cylin- 
drical jar,  about  12  inches  in  diameter,  and  16 
inches  high,  containing  juft  fo  much  ice-cold  water, 
that,  when  the  bottle  was  plunged  into  it,  and  quite 
covered  by  it,  the  jar  was  quite  full. 

As  the  jar  was  of  very  fine  tranfparent  glafs,  as 
well  as  the  bottle,  and  as  the  cold  water  contained 
in  the  jar  was  perfectly  clear,  I could  fee  what 
paffed  in  the  bottle  mofl  diftinCtly ; and  having 
taken  care  to  place  the  jar  upon  a table  near  the 

window. 


in  various  Sabjlances.  455 

window,  in  a very  favourable  light,  I fet  myfelf  to 
obferve  the  appearances  which  fhould  take  place, 
with  all  that  anxious  expectation  which  a conviction 
that  the  refult  of  the  Experiment  muft  be  decifive, 
naturally  infpired. 

I was  certain,  that  the  air  contained  in  the  bottle 
could  not  part  with  its  Heat,  without  at  the  fame 
time,  that  is  to  fay,  at  the  fame  moment , and  in  the 
fame  place , parting  with  a portion  of  its  water ; if, 
therefore,  the  Heat  penetrated  the  mafs  of  air  from 
the  centre  to  the  fur  face,  or  paffed  through  it  from 
particle  to  particle,  in  the  fame  manner  as  it  is  pro- 
bable that  it  paifes  through  water,  and  all  other 
unelaftic  fluids*,  by  far  the  greatefl  part  of  the  air 
contained  in  the  bottle  would  part  with  its  Heat, 
when  not  actually  in  contact  with  the  glafs , and  a 
proportional  part  of  its  water  being  let  fall  at  the 
fame  time,  and  in  the  fame  place , would  neceflarily 
defcend  in  the  form  of  rain  ; and,  though  this  rain 
might  be  too  fine  to  be  vifible  in  its  defcent,  yet  I 
was  fure  I fhould  find  it  at  the  bottom  of  the  bottle, 
if  not  in  vifible  drops  of  water,  yet  in  that  kind  of 
cloudy  covering  which  cold  glafs  acquires  from  a 
contaCt  with  hot  fleam  or  watery  vapour. 

But  if  the  particles  of  air,  inftead  of  communi- 
cating their  Heat  from  one  to  another,  from  the 
centre  to  the  furface  of  the  bottle,  each  in  its  turn, 
and  for  itfelf,  came  to  the  furface  of  the  bottle,  and 

* This  opinion  refpetting  the  manner  in  which  Heat  is  propagated 
in  water,  and  other  unelaftic  fluids,  was  afterwards  found  to  be  erro- 
neous, as  ha*  been  Ibewn  in  the  preceding  Eflay, 
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there  depofited  its  Heat  and  its  water,  I concluded 
that  the  cloudinefs  occafioned  by  this  depofit  of 
water  would  appear  all  over  the  bottle,  or,  at  leaf!:, 
not  more  of  it  at  the  bottom  than  at  the  Tides, 
but  rather  lefsj  and  this  I found  to  be  the  cafe 
in  fad. 

The  cloudinefs  flrfl:  made  its  appearance  upon 
the  fides  of  the  bottle,  near  the  top  of  it;  and 
from  thence  it  gradually  fpread  itfelf  downwards, 
till,  growing  fainter  as  it  defcended  lower,  it  was 
hardly  vifible  at  the  diftance  of  half  an  inch  from 
the  bottom  of  the  bottle  ; and  upon  the  bottom 
itfelf,  which  was  nearly  flat,  there  was  fcarcely  the 
fmallejl  appearance  of  cloudinefs. 

Thefe  appearances,  I think,  are  eafy  to  be  ac-. 
counted  for.  The  air  immediately  in  contact  with 
the  glafs  being  cooled,  and  having  depofited  a part 
of  its  water  upon  the  furface  of  the  glafs,  at  the 
fame  time  that  it  communicates  to  it  its  Heat, 
Hides  downwards  by  the  fides  of  the  bottle  in  con- 
fequence  of  its  increafed  fpecific  gravity,  and, 
taking  its  place  at  the  bottom  of  the  bottle,  forces 
the  whole  mafs  of  hot  air  upwards ; which,  in  its 
turn  coming  to  the  fides  of  the  bottle,  there  de- 
pofits  its  Heat  and  its  water,  and  afterwards  bend- 
ing its  courfe  downwards,  this  circulation  is  con- 
tinued till  all  the  air  in  the  bottle  has  acquired  the 
exad  temperature  of  the  water  in  the  jar. 

From  hence  it  is  clear  why  the  flrfl:  appearance 
of  condenfed  vapour  is  near  the  top  of  the  bottle, 
as  alfo  why  the  greateft  colledion  of  vapour  is  in 
' that 
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that  part,  • and  that  fo  very  fmall  a quantity»of  it  is 
found  nearer  the  bottom  of  the  bottle.  > 

This  Experiment  confirmed  me  in  an  opinion 
which  I had  for  fome  time  entertained,  that,  though 
the  particles  of  air,  individually,  or  each  for  itfelf, 
are  capable  of  receiving  and  travfport'mg  Heat,  yet 
air  in  a quiefcent  (late,  or  as  a fluid  whofe  parts  are 
at  refl:  with  refpeCt  to  each  other,  is  not  capable  of 
conducing  it,  or  giving  it  a paflage ; in  fhort,  that 
Heat  is  incapable  of  puffing  through  a mafs  of  air , 
penetrating  from  one  particle  of  it  to  another,  and 
that  it  is  to  this  circumftance  that  its  non-conduCt- 
ing  power  is  principally  owing. 

' It  is  alfo  to  this  circumftance,  in  a great  meafure, 
that  it  is  owing  that  its  non-conduCting  power,  or 
its  apparent  warmth  when  employed  as  a covering 
for  confining  Heat,  is  fo  remarkably  increafed  upon 
its  being  mixed  with  a fmall  quantity  of  any  very 
fine,  light,  folid  fubftance,  fuch  as  the  raw  filk, 
fur,  Eider  down,  8ec.  in  the  foregoing  Experi- 
ments * for,  as  I have  already  obferved,  though 
thefe  fubflances,  in  the  very  fmall  quantities  in 
which  they  were  made  ufe  of,  could  hardly  have 
prevented,  in  any  confiderable  degree,  the  air  from 
conducting,  or  giving  a pafage  to  the  Heat,  had  it 
been  capable  of  pafiing  through  it,  yet  they  might 
very  much  impede  it  in  the  operation  of  tranfport- 
ing  it. 

But  there  is  another  circumftance  which  it  is 
neceffary  to  take  into  the  account,  and  that  is  the 
attraction  which  fubfifts  between  air  and  the  bodies 
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above-mentioned,  and  other  like  fubftances,  confti- 
tuting  natural  and  artificial  clothing : for,  though 
the  incapacity  of  air  to  give  a pafiage  to  Heat  in  the 
manner  folid  bodies  permit  it  topafs  through  them, 
may  enable  us  to  account  for  its  warmth  under  cer- 
tain circumftances,  yet  the  bare  admiflion  of  this 
principle  does  not  feem  to  be  fufficient  to  account 
for  the  very  extraordinary  degrees  of  warmth  which 
we  find  in  furs  and  in  feathers,  and  in  various  other 
kinds  of  natural  and  artificial  clothing  ; nor  even 
that  which  we  find  in  fnow ; for  if  we  fuppofe  the 
particles  of  air  to  be  at  liberty  to  carry  off  the  Heat 
which  thefe  bodies  are  meant  to  confine,  without 
any  other  obftruCtion  or  hindrance  than  that  arifing 
from  their  vis  inertia,  or  the  force  necefiary  to  put 
them  in  motion,  it  feems  probable  that  the  fuccef- 
fion  of  frefh  particles  of  cold  air,  and  the  confe- 
quent  lofs  of  Heat,  would  be  much  more  rapid  than 
we  find  it  to  be  in  faCt. 

That  an  attraction,  and  a very  ftiong  one, 
actually  fubfifts  between  the  particles  of  air,  and 
the  fine  hair  or  furs  of  beafts,  the  feathers  of  birds, 
wool,  &c.  appears  by  the  obftinacy  with  which 
thefe  fubftances  retain  the  air  which  adheres  to 
them,  even  when  immerfed  in  water,  and  put 
under  the  receiver  of  an  air  pump  9 and  that  this 
attraction  is  effential  to  the  warmth  of  thefe  bodies, 
I think  is  very  eafy  to  be  demonftrated. 

In*  furs,  for  inftance,  the  attraction  between  the 
particles  of  air,  and  the  fine  hairs  in  which  it  is 
concealed,  being  greater  than  the  increafed  elaf- 
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ticity,  or  repulfion  of  thofe  particles  with  regard 
to  each  other,  arifing  from  the  Heat  communicated 
to  them  by  the  animal  body,  the  air  in  the  fur, 
though  heated,  is  not  eafily  difplaced ; and  this 
coat  of  confined  air  is  the  real  barrier  which  de- 
fends the  animal  body  from  the  external  cold. 
This  air  cannot  carry  off  the  Heat  of  the  animal, 
becaufe  it  is  itfelf  confined,  by  its  attraction  to  the 
hair  or  fur ; and  it  tranfmits  it  with  great  difficulty, 
if  it  tranfmits  at  all,  as  has  been  abundantly  ffiewn 
by  the  foregoing  Experiments. 

Hence  it  appears  why  thofe  furs  which  are  the 
finefl,  longeft,  and  thickeft,  are  likewife  the  warm- 
ed; ; and  how  the  furs  of  the  beaver , of  the  otter , 
and  of  other  like  quadrupeds  which  live  much  in 
water,  and  the  feathers  of  water-fowls , are  able  to 
confine  the  Heat  of  thofe  animals  in  winter,  not- 
withftanding  the  extreme  coldnefs  and  great  con- 
ducting power  of  the  water  in  which  they  fwim. 
The  attraction  between  thefe  fubltances,  and  the 
air  which  occupies  their  interftices,  is  fo  great,  that 
this  air  is  not  diflodged  even  by  the  contaCt  of 
water,  but  remaining  in  its  place,  it  defends  the 
body  of  the  animal  at  the  fame  time  from  being 
wet,  and  from  being  robbed  of  its  Heat  by  the  fur- 
rounding cold  fluid  ; and  it  is  poffible  that  the 
preflure  of  this  fluid  upon  the  covering  of  air  con- 
fined in  the  interftices  of  the  fur,  or  feathers,  may 
at  the  fame  time  increafe  its  warmth,  or  non-con- 
duCting  power,  in  fuch  a manner  that  the  animal 
may  not,  in  faCl,  lofe  more  Heat  when  in  water,  than 
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when  in  air  : for  we  have  feen  by  the  foregoing 
Experiments,  that,  under  certain  circumftances, 
the  warmth  of  a covering  is  increafed,  by  bringing 
its  component  parts  nearer  together,  or  by  in- 
creafing  its  denfity  even  at  the  expence  of  its  thick- 
nefs.  But  this  point  will  be  further  inveftigated 
hereafter. 

Bears,  wolves,  foxes,  hares,  and  other  like 
quadrupeds,  inhabitants  of  cold  countries,  which 
do  not  often  take  the  water,  have  their  fur  much 
thicker  upon  their  backs  than  upon  their  bellies. 
The  heated  air  occupying  the  interftices  of  the 
hairs  of  the  animal  tending  naturally  to  rife  up- 
wards, in  confequence  of  its  increafed  elafticity, 
would  efcape  with  much  greater  eafe  from  the 
backs  of  quadrupeds  than  from  their  bellies,  had 
not  Providence  wifely  guarded  againft  this  evil  by 
increafing  the  obftru&ions  in  thofe  parts,  which 
entangle  it  and  confine  it  to  the  body  of  the  animal. 
And  this,  I think,  amounts  alrnofl  to  a proof  of 
the  principles  aflumed  relative  to  the  manner  in 
which  Heat  is  carried  oft'  by  air,  and  the  caufes  of 
the  non-condufting  power  of  air,  or  its  apparent- 
warmth,  when,  'being  combined  with  other  bodies, 
it  afts  as  a covering  for  confining  Heat. 

The  fnows  which  cover  the  furface  of  the  earth 
in  winter,  in  high  latitudes,  are  doubtlefs  defigned 
by  an  all-provident  Creator  as  a garment  to  defend 
it  againft  the  piercing  winds  from  the  polar  regions, 
which  prevail  during  the  cold  feafon. 
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Thefe  winds,  notwithftanding  the  vaft  trails  of 
continent  over  which  they  blow,  retain  their  fharp* 
nefs  as  long  as  the  ground  they  pafs  over  is  covered 
with  fnow  ; and  it  is  not  till  meeting  with  the 
ocean,  they  acquire,  from  a contact  with  its  waters, 
the  Heat  which  the  fnows  prevent  their  acquiring 
from  the  earth,  that  the  edge  of  their  coldnefs  is 
taken  off,  and  they  gradually  die  away  and  are 
loft. 

The  winds  are  always  found  to  be  much  colder 
when  the  ground  is  covered  with  fnow  than  when 
it  is  bare,  and  this  extraordinary  coldnefs  is  vul- 
garly fuppofed  to  be  communicated  to  the  air  by 
the  fnow  ; but  this  is  an  erroneous  opinion ; for 
thefe  winds  are  in  general  much  colder  than  the 
fnow  itfelf. 

They  retain  their  coldnefs,  becaufe  the  fnow  pre- 
vents them  from  being  warmed  at  the  expence  of 
the  earth  ; and  this  is  a ftriking  proof  of  the  ufe  of 
the  fnows  in  preferving  the  Heat  of  the  earth 
during  the  winter  in  cold  latitudes. 

It  is  remarkable  that  thefe  winds  feldom  blow 
from  the  poles  direflly  towards  the  equator,  but 
from  the  land  towards  the  fea.  Upon  the  eaftern 
coaft  of  North  America  the  cold  winds  come  from 
the  north-weft ; but  upon  the  weftern  coaft  of 
Europe,  they  blow  from  the  north-eaft. 

That  they  fhould  blow  towards  thofe  parts  where 
they  can  moft  eafily  acquire  the  Heat  they  are  in 
fearch  of,  is  not  extraordinary  ; and  that  they 
fhould  gradually  ceafe  and  die  away,  upon  being 
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warmed  by  a contact  with  the  waters  of  the  ocean, 
is  likewife  agreeable  to  the  nature  and  caufes  of 
their  motion  ; and  if  I might  be  allowed  a conjec- 
ture refpe£ting  the  principal  ufe  of  the  feas , or  the 
reafon  why  the  proportion  of  water  upon  the  fur- 
face  of  our  globe  is  fo  great,  compared  to  that  of 
the  land,  it  is  to  maintain  a more  equal  temperature 
in  the  different  climates , by  heating  or  cooling  the 
winds  which  at  certain  periods  blow  from  the  great 
continents. 

That  cold  winds  actually  grow  much  milder 
upon  palling  over  the  fea,  and  that  hot  winds  are 
refrefhed  by  a contact  with  its  waters,  is  very  cer- 
tain ; and  it  is  equally  certain  that  the  w'inds  from 
the  ocean  are,  in  all  climates,  much  more  temperate 
than  thofe  which  blow  from  the  land. 

In  the  illands  of  Great  Britain  and  Ireland,  there 
Is  not  the  lead  doubt  but  the  great  mildnefs  of  the 
climate  is  entirely  owing  to  their  reparation  from 
the  neighbouring  continent  by  fo  large  a tradt 
of  fea  ; and  in  all  fimilar  fituations,  in  every  part  of 
the  globe,  fimilar  caufes  are  found  to  produce 
fimilar  effects. 

The  cold  north-weft  winds,  which  prevail  upon 
the  coaft  of  North  America  during  the  winter,  fel- 
dom  extend  above  too  leagues  from  the  fhore,  and 
they  are  always  found  to  be  lefs  violent,  and  lefs 
piercing,  as  they  are  further  from  the  land. 

Thefe  periodical  winds  from  the  continents  of 
Europe  and  North  America  prevail  molt  towards 
the  end  of  the  month  of  February,  and  in  the  month 
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of  March;  and  I conceive  that  they  contribute 
very  effentially  towards  bringing  on  an  early  fpring, 
and  a fruitful  fumraer,  particularly  when  they  are 
very  violent  in  the  month  of  March,  and  if  at  that 
time  the  ground  is  v?ell  covered  with  fnow.  The 
whole  atmofphere  of  the  polar  regions  being,  as  it 
were,  tranfported  into  the  ocean  by  thefe  winds,  is 
there  warmed  and  faturated  with  water : and,  a 
great  accumulation  of  air  upon  the  fea  being  the 
neceffary  confequence  of  the  long  continuance  of 
thefe  cold  winds  from  the  fliore,  upon  their  ceafing 
the  warm  breezes  from  the  fea  neceffarily  com- 
mence/ and,  fpreading  themfelves  upon  the  land 
far  and  wide,  aflift  the  returning  fun  in  difmantling 
the  earth  of  the  remains  of  her  winter  garment, 
and  in  bringing  forward  into  life  all  the  manifold 
beauties  of  the  new-born  year. 

This  warmed  air  which  comes  in  from  the  fea, 
having  acquired  its  Heat  from  a contaft  with  the 
ocean,  is,  of  courfe,  faturated  with  water ; and 
hence  the  warm  fhowers  of  April  and  May,  fo 
neceffary  to  a fruitful  feafon. 

The  ocean  may  be  confidered  as  the  great  refer - 
voir  and  equalizer  of  Heat;  and  its  benign  in- 
fluences in  preferving  a proper  temperature  in  the 
atmofphere  operate  in  all  feafons  and  in  all  cli- 
mates. 

The  parching  winds  from  the  land  under  the 
torrid  zone  are  cooled  by  a contact  with  its  waters, 
and,  in  return,  the  breezes  from  the  fea,  which  at 
certain  hours  of  the  day  come  in  to  the  fhores  in 
almoft  all  hot  countries,  bring  with  them  refrelh- 
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Tnent,  and,  as  it  were,  new  life  and  vigour  both  to 
the  animal  and  vegetable  creation,  fainting  and 
melting  under  the  exceffive  Heats  of  a burning 
fun.  What  a vaft  tra£l  of  country,  now  the  moft 
fertile  upon  the  face  of  the  globe,  would  be  abfo- 
lutely  barren  and  uninhabitable  on  account  of  the 
exceffive  Heat,  were  it  not  for  thefe  refreffiing 
fea-breezes ! And  is  it  not  more  than  probable, 
that  the  extremes  of  heat  and  of  cold  iA  the  dif- 
ferent feafons  in  the  temperate  and  frigid  zones 
would  be  quite  intolerable,  were  it  not  for  the  in- 
fluence of  the  ocean  in  preferving  an  equability  of 
temperature  ? 

And  to  thefe  purpofes  the  ocean  is  wonderfully 
well  adapted,  not  only  on  account  of  the  great 
power  of  water  to  abforb  Heat,  and  the  valt  depth 
and  extent  of  the  different  feas  (which  are  fuch 
that  one  fummer  or  one  winter  could  hardly  be 
fuppofed  to  have  any  fenfible  effect  in  heating  or 
cooling  this  enormous  mafs) ; but  alfo  on  account 
of  the  continual  circulation  which  is  carried  on  in 
the  ocean  itfelf,  by  means  of  the  currents  which 
prevail  in  it.  The  waters  under  the  torrid  zone 
being  carried  by  thefe  currents  towards  the  polar 
regions,  are  there  cooled  by  a contact  with  the 
cold  winds,  and,  having  thus  communicated  their 
Heat  to  thefe  inhofpitable  regions,  return  towards 
the  equator,  carrying  with  them  refreshment  for 
thofe  parching  climates. 

The  wifdom  and  goodnefs  of  Providence  have 
often  been  called  in  queftion  with  regard  to  the 
distribution  of  land  and  water  upon  the  furface  of 
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crur  globe,  the  vaft  extent  of  the  ocean  having 
been  confidered  as  a proof  of  the  little  regard  that 
has  been  paid  to  man  in  this  diflribution.  But, 
the  more  light  we  acquire  refpe&ing  the  real  con- 
flitution  of  things,  and  the  various  ufes  of  the 
different  parts  of  the  vifible  creation,  the  lefs  we 
fhall  be  difpofed  to  indulge  ourfelves  in  fuch  frivo- 
lous criticifms. 


END  OF  THE  EIGHTH  ESSAY. 
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ESSAY  IX. 


An  Inquiry  concerning  the  Source  of  the 
Heat  which  is  excited  by  Friction. 


[Read  before  the  Royal  Society,  January  25,  1798.3 


1 t frequently  happens,  that  in  the  ordinary  affairs 
and  occupations  of  life,  opportunities  prefent 
themfelves  of  contemplating  fome  of  the  moft 
curious  operations  of  Nature  ; and  very  interefting 
philofophical  experiments  might  often  be  made, 
almofl  without  trouble  or  expence,  by  means  of 
machinery  contrived  for  the  mere  mechanical  pur- 
pofes  of  the  aits  and  manufa&ures. 

I have  frequently  had  occafion  to  make  this  ob- 
fervation  ; and  am  perluaded,  that  a habit  of  keep- 
ing the  eyes  open  to  every  thing  that  is  going  on 
in  the  ordinary  courfe  of  the  bufmefs  of  life  has 
oftener  led,  as  it  were  by  accident,  or  in  the  play- 
ful excurfions  of  the  imagination,  put  into  adlion 
by  contemplating  the  moft  common  appearances,  to 
ufef'ul  doubts,  and  fenfible  fchemes  for  inveftigation 
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and  improvement,  than  all  the  more  intenfe  medi- 
tations of  philofophers,  in  the  hours  exprefsly  fet 
apart  for  ftudy. 

It  was  by  accident  that  I was  led  to  make  the  Ex- 
periments of  which  I am  about  to  give  an  account } 
and,  though  they  are  not  perhaps  of  fufficient  im- 
portance to  merit  fo  formal  an  introduction,  I can- 
not help  flattering  myfelf  that  they  will  be  thought 
curious  in  feveral  refpeCts,  and  worthy  of  the  honour 
of  being  made  known  to  the  Royal  Society. 

Being  engaged,  lately,  in  fuperintending  the  bor- 
ing of  cannon,  in  the  workfliops  of  the  military 
arfenal  at  Munich,  I was  (truck  with  the  very  con- 
fiderable  degree  of  Heat  which  a brafs  gun  acquires, 
in  a (hort  time,  in  being  bored  ; and  with  the  (till 
more  intenfe  Heat  (much  greater  than  that  of  boil- 
ing water,  as  I found  by  experiment)  of  the  metallic 
chips  feparated  from  it  by  the  borer. 

The  more  I meditated  on  thefe  phenomena,  the 
more  they  appeared  to  me  to  be  curious  and  inte- 
refting.  A thorough  invefligation  of  them  feemed 
even  to  bid  fair  to  give  a farther  infight  into  the 
hidden  nature  of  Heat ; and  to  enable  us  to  form 
fome  reafonable  conjectures  refpefting  the  exiflence, 
or  non-exiftence,  of  an  igneous  fluid : a fubject  on 
which  the  opinions  of  philofophers  have,  in  all  ages, 
been  much  divided. 

In  order  that  the  Society  may  have  clear  and 
diflinCt  ideas  of  the  fpeculations  and  reafonings  to 
which  thefe  appearances  gave  rife  in  my  mind,  and 
alfo  of  the  fpecific  objects  of  philofophical  invefti- 
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gation  they  fuggefted  to  me,  I muft  beg  leave 
to  ftate  them  at  fome  length,  and  in  fuch  man- 
ner as  I {hall  think  belt  fuited  to  anfvver  this 
purpofe. 

From  whence  comes  the  Heat  a&ually  produced  in 
the  mechanical  operation  above  mentioned  ? 

Is  it  furnifhed  by  the  metallic  chips  which  are 
feparated  by  the  borer  from  the  folid  mafs  of 
metal  ? 

If  this  were  the  cafe,  then,  according  to  the 
modern  doflrines  of  latent  Heat,  and  of  caloric, 
the  capacity  for  Heat  of  the  parts  of  the  metal,  fo 
reduced  to  chips,  ought  not  only  to  be  changed, 
but  the  change  undergone  by  them  fhould  be 
fufhciently  great  to  account  for  all  the  Heat 
produced. 

But  no  fuch  change  had  taken  place ; for  I 
found,  upon  taking  equal  quantities,  by  weight, 
of  thefe  chips,  and  of  thin  flips  of  the  fame  block 
of  metal  feparated  by  means  of  a fine  faw,  and  put- 
ting them,  at  the  fame  temperature,  (that  of  boiling 
water,)  into  equal  quantities  of  cold  water,  (that 
is  to  fay,  at  the  temperature  of  59°^  F.)  the  portion 
of  water  into  which  the  chips  were  put  was  not,  to 
all  appearance,  heated  either  lefs  or  more  than  the 
other  portion,  in  which  the  flips  of  metal  were 
put. 

This  Experiment  being  repeated  feveral  times, 
the  refults  were  always  fo  nearly  the  fame,  that  I 
could  not  determine  whether  any,  or  what  change, 
had  been  produced  in  the  metal,  in  regard  to  its 
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capacity  for  Heat , by  being  reduced  to  chips  by  the 
borer  *. 

From  hence  it  is  evident,  that  the  Heat  produced 
could  not  poflibly  have  been  furnifhed  at  the  ex- 
pence of  the  latent  Heat  of  the  metallic  chips.  But, 
not  being  willing  to  reft  fatisfied  with  thefe  trials, 
however  conclufive  they  appeared  to  me  to  be, 
I had  recourfe  to  the  following  ftill  more  decilive 
Experiment : 

Taking  a cannon,  (a  brafs  fix-pounder,)  caft 
folid,  and  rough  as  it  came  from  the  foundry,  (fee 
Fig.  i.  Tab.  IV.)  and  fixing  it  (horizontally)  in 

* As  thefe  Experiments  are  important,  it  may  perhaps  be  agreeable 
to  the  Society  to  be  made  acquainted  with  them  in  their  details. 

One  of  them  was  as  follows  : 

To  4590  grains  of  water,  at  the  temperature  of  59°^  F.  (an  allow- 
ance as  compenfation,  reckoned  in  water,  for  the  capacity  for  Heat  of 
the  containing  cylindrical  tin  veflel,  being  included,)  were  added 
ioi6|  grains  of  gun-metal  in  thin  flips,  feparated  from  the  gun  by 
means  of  a fine  faw,  being  at  the  temperature  of  2100  F.  When 
they  had  remained  together  1 minute,  and  had  been  well  ftirred  about, 
by  means  of  a fitnall  rod  of  light  wood,  the  Heat  of  the  mixtuie  was 
found  to  be  “63°. 

From  this  Experiment,  the  fpccijic  Heat  of  the  metal,  calculated  ac- 
cording to  the  rule  given  by  Dr.  Crawford,  turns  out  to  be 
rzo.noo,  that  of  water  being  m.ooo. 

An  Experiment  was  afterwards  made  with  the  metallic  chips,  as 
follows : 

To  the  fame  quantity  of  water  as  was  ufed  in  the  Experiment  above 
tnentioned,  at  the  fame  temperature,  (-viz.  59°^,)  and  in  the  fame 
cylindrical  tin  velfel,  were  now  put  1016J.  grains  of  metallic  chips  or 
gun-metal,  bored  out  of  the  fame  gun  from  which  the  flips  ufed  it* 
the  foregoing  Experiment  were  taken,  and  at  the  fame  temperature 
(210°).  The  Heat  of  the  mixture,  at  the  end  of  r minute,  was  juft 
63°,  as  before  j confequently  the  fpecific  Heat  of  thefe  metallic  chips 
was  “o.noo.  Each  of  the  above  Experiments  was  repeated  three 
tunes,  and  always  with  nearly  the  fame  rcfults, 
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the  machine  ufed  for  boring,  and  at  the  fame  time 
finiihing  the  outfide  of  the  cannon  by  turning,  (fee 
Fig.  2.)  I c'aufed  its  extremity  to  be  cut  off;  and, 
by  turning  down  the  metal  in  that  part,  a folid  cy- 
linder was  farmed,  inches  in  diameter,  and  9-^- 
inches  long  ; which,  when  finilhed,  remained  joined 
to  the  reft  of  the  metal  (that  which,  properly  fpeak- 
ing,  conftituted  the  cannon)  by  a fmall  cylindrical 
neck,  only  24  inches  in  cSameter,  and  3^  inches 
long. 

This  fhort  cylinder,  which  was  fupported  in  its 
horizontal  pofition,  and  turned  round  its  axis,  by 
means  of  the  neck  by  which  it  remained  united  to 
the  cannon,  was  now  bored  with  the  horizontal 
borer  ufed  in  boring  cannon  ; but  its  bore,  which 
was  3.7  inches  in  diameter,  inftead  of  being  con- 
tinued through  its  whole  length  (9.8  inches)  was 
only  7.2  inches  in  length  ; fo  that  a folid  bottom 
was  left  to  this  hollow  cylinder,  which  bottom  was 
2.6  inches  in  thicknefs. 

This  cavity  is  reprefented  by  dotted  lines  in 
Fig.  2 ; as  alfo  in  Fig.  3.  where  the  cylinder  is 
reprefented  on  an  enlarged  fcale. 

This  cylinder  being  defigned  for  the  exprefs 
purpofe  of  generating'Heat  by  friction , by  having  a 
blunt  borer  forced  againft  its  folid  bottom  at  the 
fame  time  that  it  fhould  be  turned  round  its  axis  by 
the  force  of  horfes,  in  order  that  the  Heat  accumu- 
lated in  the  cylinder  might  from  time  to  time  be 
meafured,  a fmall  round  hole,  (fee  d,  e>  Fig.  3)  0.37 
of  an  inch  only  in  diameter,  and  4.2  inches  in 
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depth,  for  the  purpofe  of  introducing  a fmall 
cylindrical  mercurial  thermometer,  was  made  in  it, 
on  one  fide,  in  a dire&ion  perpendicular  to  the  axis 
of  the  cylinder,  and  ending  in  the  middle  of  the 
folid  part  of  the  metal  which  formed  the  bottom  of 
its  bore. 

The  folid  contents  of  this  hollow  cylinder,  ex- 
clufive  of  the  cylindrical  neck  by  which  it  remained 
united  to  the  cannon,  were  385!  cubic  inches, 
Englifh  meafure;  and  it  weighed  113.131b.  Avoir- 
dupois : as  I found,  on  weighing  it  at  the  end  of 
the  courfe  of  Experiments  made  with  it,  and  after 
it  had  been  feparated  from  the  cannon  with  which, 
during  the  Experiments,  it  remained  connected*. 

Experiment , N°  1. 

This  Experiment  was  made  in  order  to  afcertain 
how  much  Heat  was  actually  generated  by  friction, 
when  a blunt  fteel  borer  being  fo  forcibly  fhoved 
(by  means  of  a ftrong  fcrew)  againfl  the  bottom  of 


* For  fear  I Ihould  be  fufpe&ed  of  prodigality  in  the  profecution 
of  my  philofophical  refearches,  I think  it  neceflary  to  inform  the 
Society,  that  the  cannon  I made  ufe  of  in  this  Experiment  was  not 
1’acrificed  to  it.  The  Ihort  hollow  cylinder  which  was  formed  at  the 
end  of  it,  was  turned  out  of  a cylindrical  mafs  of  metal,  about  * feet 
in  length,  proje&ing  beyond  the  muzzle  of  the  gun,  called  in  the 
German  language  the  verlerncr  kopf , (the  head  of  the  cannon  to  be 
thrown  away),  and  which  is  reprefented  in  Fig.  i. 

This  original  projeftion,  which  is  cut  off  before  the  gun  is  bored,  is 
always  caff  with  it,  in  order  that,  by  means  of  the  preflure  of  its 
weight  on  the  metal  in  the  lower  part  of  the  mould,  during  the  time 
it  is  cooling,  the  gun  may  be  the  more  compaft  in  the  neighbourhood 
of  the  muzzle;  where,  without  this  precaution,  the  metal  would  be 
apt  to  be  porous,  or  full  of  honeycombs. 
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the  bore  of  the  cylinder,  that  the  preflure  againft 
it  was  equal  to  the  weight  of  about  toooolb. 
Avoirdupois,  the  cylinder  was  turned  round  on  its 
axis  (by  the  force  of  horfes)  at  the  rate  of  about 
32  times  in  a minute. 

This  machinery,  as  it  was  put  together  for  the 
Experiment,  is  reprefented  by  Fig.  2.  W is  a 
ftrong  horizontal  iron  bar,  connected  with  proper 
machinery  carried  round  by  horfes,  by  means  of 
which  the  cannon  was  made  to  turn  round  its  axis. 

To  prevent,  as  far  as  poflible,  the  lofs  of  any 
part  of  the  Heat  that  was  generated  in  the  Experi- 
ment, the  cylinder  was  well  covered  up  with  a fit 
coating  of  thick  and  warm  flannel,  which  wras  care- 
fully wrapped  round  it,  and  defended  it  on  every 
fide  from  the  cold  air  of  the  atmofphere.  This, 
covering  is  not  reprefented  in  the  drawing  of  the 
apparatus,  Fig.  2. 

I ought  to  mention,  that  the  borer  v'as  a flat 
piece  of  hardened  fteel,  0.63  of  an  inch  thick,  4 
inches  long,  and  nearly  as  wide  as  the  cavity  of 
the  bore  of  the  cylinder,  namely,  3!  inches.  Its 
corners  were  rounded  off  at  its  end,  fo  as  to  make 
it  fit  the  hollow  bottom  of  the  bore ; and  it  was 
firmly  faflened  to  the  iron  bar  ( m ) which  kept  it 
in  its  place.  The  area  of  the  furface  by  which  its 
end  was  in  contact  w'ith  the  bottom  of  the  bore  of 
the  cylinder  wras  nearly  2y  inches.  This  borer, 
which  is  diftinguifhed  by  the  letter  ?i , is  reprefented 
in  molt  of  the  figures. 
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At  the  beginning  of  the  Experiment,  the  tempe- 
rature of  the  air  in  the  (hade,  as  alfo  that  of  the 
cylinder,  was  juft  6o°  F. 

At  the  end  of  30  minutes,  when  the  cylinder 
had  made  960  revolutions  about  its  axis,  the  horfes 
being  ftopped,  a cylindrical  mercurial  thermometer, 
whofe  bulb  v^as  TW  of  an  inch  in  diameter,  and 
3 i inches  in  length,  was  introduced  into  the  hole 
made  to  receive  it,  in  the  fide  of  the  cylinder, 
when  the  mercury  rofe  almoft  inftantly  to  130°. 

Though  the  Heat  could  not  be  fuppofed  to  be 
quite  equally  diftributed  in  every  part  of  the  cy- 
linder, yet,  as  the  length  of  the  bulb  of  the  ther- 
mometer was  fuch  that  it  extended  from  the  axis 
of  the  cylinder  to  near  its  furface,  the  Heat  indi- 
cated by  it  could  not  be  very  different  from  that  of 
the  mean  temperature  of  the  cylinder  ; and  it  was  on 
this  account  that  a thermometer  of  that  particular 
form  was  chofen  for  this  Experiment. 

To  fee  how  faft  the  Heat  efcaped  out  of  the  cy- 
linder, (in  order  to  be  able  to  make  a probable  con- 
jecture refpecting  the  quantity  given  off  by  it,  dur- 
ing the  time  the  Heat  generated  by  the  fridtion  was 
accumulating,)  the  machinery  (landing  (till,  I fuf- 
fered  the  thermometer  to  remain  in  its  place  near 
three  quarters  of  an  hour,  obferving  and  noting 
down,  at  fmall  intervals  of  time,  the  height  of  the 
temperature  indicated  by  it. 


Thus, 
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Thus,  at  the  end  of 


The  Heat,  as  fliown  by 
the  thermometer,  wjs 


4 minutes  - 

- - - 

- 

126° 

after  5 minutes,  always  reckon- 

ing  from 

the  full 

ob- 

fervation. 

- 

- 

I25° 

the  end  of  7 minutes  - 
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133° 

12 - 

- 
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16 - 
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28  - 

- - - 

m 

114° 

3 1 

- 

11 3° 

34  - 

- 

112° 

37* 

- 

- 

111° 

and  when  41  minutes  had 

elapfed 

- 

1 IO° 

Having  taken  away  the  borer,  I now  removed 
the  metallic  dull,  or  rather  fcaly  matter,  which 
had  been  detached  from  the  bottom  of  the  cylinder 
by  the  blunt  Heel  borer,  in  this  Experiment ; and, 
having  carefully  weighed  it,  I found  its  weight  to 
be  837  grains  Troy. 

Is  it  poflible  that  the  very  confiderable  quantity 
of  Heat  that  was  produced  in  this  Experiment  (a 
quantity  which  actually  raifed  the  temperature  of 
above  1131b.  of  gun-metal  at  leall  70  degrees  of 
Fahrenheit’s  thermometer,  and  which,  of  cour’fe, 
would  have  been  capable  of  melting  6|lb.  of  ice, 
or  of  caufing  near  51b.  of  ice-cold  water  to  boil) 

could 
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could  have  been  furnifhed  by  fo  inconfiderable  £ 
quantity  of  metallic  dull  ? and  this  merely  in  con- 
fequence  of  a change  of  its  capacity  for  Heat  ? 

As  the  weight  of  this  dull  (837  grains  Troy) 
amounted  to  no  more  than  -g4Tth  part  of  that  of 
the  cylinder,  it  rnuft  have  loft  no  Iefs  than  948  de- 
grees of  Heat,  to  have  been  able  to  have  raifed  the 
temperature  of  the  cylinder  1 degree ; and  confe- 
quently  it  muft  have  given  off  66,360  degrees  of 
Heat,  to  have  produced  the  effefts  which  were 
adtually  found  to  have  been  produced  in  the 
Experiment  t 

But,  without  infilling  on  the  improbability  of 
this  fuppofition,  we  have  only  to  recoiled,  that 
from  tiie  refults  of  adtual  and  decifive  Experiments, 
made  for  the  exprefs  purpofe  of  ascertaining  that 
fad,  the  capacity  for  Heat,  of  the  metal  of  which 
great  guns  are  call,  is  not  fenjibhy  changed  by  being 
reduced  to  the  form  of  metallic  chips,  in  the  ope- 
ration of  boring  cannon  ; and  there  does  not  feem 
to  be  any  reafon  to  think  that  it  can  be  much 
changed,  if  it  be  changed  at  all,  in  being  reduced 
to  much  fmaller  pieces,  by  means  of  a borer  that 
is  lefs  fharp. 

If  the  Heat,  or  any  confiderable  part  of  it,  were 
produced  in  confequence  of  a change  in  the'capa- 
city  for  Heat  of  a part  of  the  metal  of  the  cylinder, 
as  fuch  change  could  only  be  fuperficial , the  cy- 
linder would  by  degrees  be  cxhaujied ; or  the  quan- 
tities of  Heat  produced,  in  any  given  Ihort  fpace  of 
time,  would  be  found  to  diminilh  gradually,  in 

fucceffive 
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iucceflive  Experiments.  To  find  out  if  this  really 
happened  or  not,  I repeated  the  laft-mentioned 
Experiment  feveral  times,  with  the  utmofl:  care  ; 
but  I did  not  difcover  the  fmallefl  fign  of  exhaujlion 
in  the  metal,  notwithftanding  the  large  quantities 
of  Heat  actually  given  off. 

Finding  fo  much  reafon  to  conclude,  that  the 
Heat  generated  in  thefe  Experiments,  or  excited , as 
I would  rather  choofe  to  exprefs  it,  was  not  fur- 
nifhed  at  the  expence  of  the  latent  Heat  or  combined 
caloric  of  the  metal,  I pufhed  my  inquiries  a ftep 
farther,  and  endeavoured  to  find  out  whether  the 
air  did,  or  did  not,  contribute  any  thing  in  the 
generation  of  it. 

'Experiment , N°  2. 

As  the  bore  of  the  cylinder  was  cylindrical,  and 
as  the  iron  bar  (?«),  to  the  end  of  which  the 
blunt  fteel  borer  was  fixed,  was  fquare,  the  air 
had  free  accefs  to  the  infide  of  the  bore,  and  even 
to  the  bottom  of  it,  where  the  fri&ion  took  place 
by  which  the  Heat  was  excited. 

As  neither  the  metallic  chips  produced  in  the 
ordinary  courfe  of  the  operation  of  boring  brafs 
cannon,  nor  the  finer  fcaly  particles  produced  in 
the  ]r  ^-mentioned  Experiments  by  the  friflion  of 
the  blunt  borer,  fhowed  any  figns  of  calcination , 1 
did  not  fee  how  the  air  could  pofiibly  have  been 
the  caufe  of  the  Heat  that  was  produced  ; but,  in 
an  inveftigation  of  this  kind,  I thought  that  no 
pains  fliould  be  fpared  to  clear  away  the  rubbifh, 

and 
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and  leave  the  fubjedt  as  naked  and  open  to  infpec- 
tion  as  pollible. 

In  order,  by  one  decifive  Experiment,  to  deter- 
mine whether  the  air  of  the  atmofphere  had  any 
part,  or  not,  in  the  generation  of  the  Heat,  I con- 
trived to  repeat  the  Experiment,  under  circum- 
ftances  in  which  it  was  evidently  impojfible  for  it  to 
produce  any  ejfedl  whatever . By  means  of  a pifton 
exactly  fitted  to  the  mouth  of  the  bore  of  the  cy- 
linder, through  the  middle  of  which  pifton  the 
fquare  iron  bar,  to  the  end  of  which  the  blunt 
ft  eel  borer  was  fixed,  palled  in  a fquare  hole  made 
perfectly  air-tight,  the  accefs  of  the  external  air,  to 
the  infide  of  the  bore  of  the  cylinder,  was  effec- 
tually prevented.  (In  Fig.  3.  this  pifton  (p)  is 
feen  in  its  place ; it  is  likewife  fhown  in  Fig.  7 
and  8.) 

1 did  not  find,  however,  by  this  Experiment,  that 
the  exclufion  of  the  air  diminifhed,  in  the  fmalleft 
degree,  the  quantity  of  Heat  excited  by  the  fric- 
tion. 

There  ftill  remained  one  doubt,  which,  though 
it  appeared  to  me  to  be  fo  flight  as  hardly  to 
deferve  any  attention,  I was  however  defirous  to  re- 
move. The  pifton  which  clofed  the  mouth  of  the 
bore  of  the  cylinder,  in  order  that  it  might  bt  air- 
tight, was  fitted  into  it  with  fo  much  nicety,  by 
means  of  its  collars  of  leather,  and  prefled  againft 
it  with  fo  much  force,  that,  notwithftanding  its 
being  oiled,  it  occafioned  a coufiderable  degree  of 
friction,  when  the  hollow  cylinder  was  turned 

round 
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round  Its  axis.  Was  not  the  Heat  produced,  or  at 
lead  fome  part  of  it,  occafioned  by  this  fri&ion  of 
the  pifton?  and,  as  the  external  air  had  free  accefs 
to  the  extremity  of  the  bore,  where  it  came  in  con- 
tact with  the  pifton,  is  it  not  poflible  that  this  air 
may  have  had  fome  fliare  in  the  generation  of  the 
Heat  produced  ? 

Experiment , N°  3. 

A quadrangular  oblong  deal  box,  (fee  Fig.  4.) 
water-tight,  1 if  Englifh  inches  long,  9 finches 
wide,  and  gT%  inches  deep,  (meafured  in  the  clear,) 
being  provided,  with  holes  or  flits  in  the  middle  of 
each  of  its  ends,  juft  large  enough  to  receive,  the 
one,  the  fquare  iron  rod  to  the  end  of  which  the 
blunt  fteel  borer  was  faftened,  the  other,  the  fmall 
cylindrical  neck  which  joined  the  hollow  cylinder 
to  the  cannon ; when  this  box  (which  was  oc- 
cafionally  clofed  above,  by  a wooden  cover  or  lid 
moving  on  hinges)  was  put  into  its  place ; that  is 
to  fay,  when,  by  means  of  the  two  vertical  open- 
ings or  flits  in  its  two  ends,  (the  upper  parts  of 
W'hich  openings  were  occafionally  clofed,  by  means 
of  narrow  pieces  of  wood  Aiding  in  vertical  grooves,) 
the  box  (g,  h , i,  k,  Fig.  3.)  was  fixed  to  the  ma- 
chinery, in  fuch  a manner  that  its  bottom  (/,  k,) 
being  in  the  plane  of  the  horizon,  its  axis  coincided 
with  the  axis  of  the  hollow  metallic  cylinder  ; it  is 
evident,  from  the  defcription,  that  the  hollow  me-  . 
tallic  cylinder  u?ould  occupy  the  middle  of  the  box, 
without  touching  it  on  either  fide  (as  it  is  repre- 

fehted 
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fented  in  Fig.  3.) ; and  that,  on  pouring  water  into 
the  box,  and  filling  it  to  the  brim,  the  cylinder 
would  be  completely  covered,  and  furrounded  on 
every  fide,  by  that  fluid.  And  farther,  as  the  box 
was  held  fafl  by  the  ftrong  fquare  iron  rod  (7;;), 
which  palled,  in  a fquare  hole , in  the  centre  of  one 
of  its  ends,  (<2,  Fig.  4.)  while  the  round  or  cylin- 
drical neck,  which  joined  the  hollow  cylinder  to  the 
end  of  the  cannon,  could  turn  round  freely  on  its 
axis  in  the  round  hole  in  the  centre  of  the  other  end 
of  it,  it  is  evident  that  the  machinery  could  be  put 
in  motion,  without  the  leafl  danger  of  forcing  the 
box  out  of  its  place,  throwing  the  water  out  of  it, 
or  deranging  any  part  of  the  apparatus. 

Every  thing  being  ready,  I proceeded  to  make  the 
Experiment  1 hadproje&ed,  in  the  following  manner: 

The  hollow  cylinder  having  been  previoully 
cleaned  out,  and  the  infide  of  its  bore  wiped  with 
a clean  towel  till  it  was  quite  dry,  the  fquare  iron 
bar,  with  the  blunt  fteel  borer  fixed  to  the  end  of 
it,  was  put  into  its  place  ; the  mouth  of  the  bore 
of  the  cylinder  being  clofed  at  the  fame  time,  by 
means  of  the  circular  piflon,  through  the  centre  of 
which  the  iron  bar  palled. 

This  being  done,  the  box  was  put  in  its  place, 
and  the  joinings  of  the  iron  rod,  and  of  the  neck 
of  the  cylinder,  with  the  two  ends  of  the  box, 
having  been  made  water-tight,  by  means  of  collars 
of  oiled  leather,  the  box  was  filled  with  cold  water, 
(viz.  at  the  temperature  of  6o0,)  and  the  machine 
was  put  in  motion. 

6 The 
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The  refult  of  this  beautiful  Experiment  was  very 
ftriking,  and  the  pleafure  it  afforded  me  amply  re- 
paid me  for  all  the  trouble  I had  had,  in  con- 
triving and  arranging  the  complicated  machinery 
ufed  in  making  it. 

The  cylinder,  revolving  at  the  rate  of  about  32 
times  in  a minute,  had  been  in  motion  but  a fhort 
time,  when  I perceived,  by  putting  my  hand  into 
the  water,  and  touching  the  outfide  of  the  cy- 
linder, that  Heat  was  generated  ; and  it  was  not 
long  before  the  water  which  furrounded  the  cy- 
linder began  to  be  fenfibly  warm. 

At  the  end  of  1 hour  I found,  by  plunging  a 
thermometer  into  the  water  in  the  box,  (the  quan- 
tity of  which  fluid  amounted  to  18.  771b.  Avoir- 
dupois, or  wine  gallons,)  that  its  temperature 
had  been  raifed  no  lefs  than  47  degrees ; being 
now  107°  of  Fahrenheit’s  fcale. 

When  30  minutes  more  had  elafped,  or  1 hour 
and  30  minutes  after  the  machinery  had  been 
put  in  motion,  the  Heat  of  the  water  in  the  box 
was  1 4 20. 

v 

At  the  end  of  2 hours,  reckoning  from  the  be- 
ginning of  the  experiment,  the  temperature  of  the 
water  was  found  to  be  raifed  to  178°. 

At  2 hours  20  minutes  it  was  at  200°;  and  at 
2 hours  30  minutes  it  actually  boiled  ! 

It  would  be  difficult  to  defcribe  the  furprize 
and  aftonilhment  expreffed  in  the  countenances  of 

vol.  11,  l l ;the 
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the  by-ftanders,  on  feeing  fo  large  a quantity  of 
cold  water  heated,  and  actually  made  to  boil, 
without  any  fire. 

Though  there  was,  in  fa&,  nothing  that  could 
juftly  be  confidered  as  furprifing  in  this  event,  yet 
I acknowledge  fairly  that  it  afforded  me  a degree 
of  childifh  pleafure,  which,  were  I ambitious  of 
the  reputation  of  a grave  pbilofopber,  I ought  moft 
certainly  rather  to  hide  than  to  difcover. 

The  quantity  of  Heat  excited  and  accumulated 
in  this  Experiment  was  very  confiderable  ; for, 
not  only  the  water  in  the  box,  but  alfo  the  box 
itfelf,  (which  weighed  1 5 1 lb.)  and  the  hollow  me- 
tallic cylinder,  and  that  part  of  the  iron  bar 
which,  being  fituated  within  the  cavity  of  the  box, 
was  immerfed  in  the  water,  were  heated  150  de- 
grees of  Fahrenheit's  fcale ; viz.  from  6o° 
(which  was  the  temperature  of  the  water,  and  of 
the  machinery,  at  the  beginning  of  the  Experi- 
ment) to  2100,  the  Heat  of  boiling  water  at 

Munich.  ; < 

/ ■ 

The  total  quantity  of  Heat  generated  may  be 
eftimated  with  fome  confiderable  degree  of  pre- 
cifion,  as  follows : 


Of 


1 
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Of  the  Heat  excited 
there  appears  to  have 
been  actually  accumu- 
lated, 


Quantity  of  ice-cold  water  which, 
with  the  given  quantity  of  Heat, 
might  have  been  heated  180  de- 
grees, or  made  to  boil. 

In  Avoirdupois  ivtigbt . 


In  the  water  contained  in  the  wooden 
box,  i8|-  lb.  Avoirdupois,  heated  150  ib. 
degrees,  namely,  from  6o°  to  2100  F.  - - 15.2 

In  1 13,  13.1b.  of  gun-metal,  (the  hol- 
low cylinder,)  heated  150  degrees  j and, 
as  the  capacity  for  heat  of  this  metal  is  to 
that  of  water  as  0.1100  to  1. 0000,  this 
quantity  of  Heat  would  have  heated  12-f  Ib. 
of  water  the  fame  number  of  degrees  - - 10.37 

In  36.  75  cubic  inches  of  iron,  (being 
that  part  of  the  iron  bar  to  which  the 
borer  was  fixed  which  entered  the  box,) 
heated  150  degrees  ; which  may  be 
reckoned  equal  in  capacity  for  Heat  to 
1.2 lib.  of  Water  * - 1. 01 

Total  quantity  of  ice-cold  water  which, 
with  the  heat  actually  generated  by  fric- 
tion, and  accumulated  in  2 hours  and  30 

minutes,  might  have  been  heated  180  de-  

grees  or  made  to  boil  - 26.58 


* No  Eftimate  is  here  made  of  tbe  Heat  accumulated  in  the  wooden 
box,  nor  of  that  which  muft  have  been  difperl'ed,  and  loft  during  the 
Experiment. 
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From  the  knowledge  of  the  quantity  of  Heat 
actually  produced  in  the  foregoing  Experiment, 
and  of  the  time  in  which  it  was  generated,  we  are 
enabled  to  afcertain  the  celerity  of  its  production , 
and  to  determine  how  large  a fire  mud  have  been, 
or  how  much  fuel  mu  ft  have  been  confirmed,  in 
order  that,  in  burning  equably,  it  fhould  have 
produced  by  combuftion  the  fame  quantity  of  Heat 
in  the  fame  time. 

In  one  of  Dr.  Crawford’s  Experiments,  (fee 
his  Treatife  on  Heat,  p.  321,)  37  lb.  7 oz.  Troy, 
= 18  1920  grains  of 'water,  were  heated  2-Ar  de- 
grees of  FAHRENHEiT’sthermometer,  with  the  Heat 
generated  in  the  combuftion  of  26  grains  of  wax. 
This  gives  382032  grains  of  water  heated  1 degree 
with  26  grains  of  wax;  or  1469344  grains  of 
water  heated  1 degree,  or  grains 

heated  180  degrees,  with  the  Heat  generated  in  the 
combuftion  of  one  grain  of  wax. 

The  quantity  of  ice-cold  water  which  might 
have  been  heated  1 80  degrees,  with  the  Heat  ge- 
nerated by  fridtion  in  the  before-mentioned  Ex- 
periment, was  found  to  be  26.58  lb.  Avoirdupois, 
= 188060  grains  ; and,  as  81.631  grains  of  ice- 
cold  water  requite  the  Heat  generated  in  the  com- 
buftion of  1 grain  of  wax,  to  heat  it  180  degrees, 
the  former  quantity  of  ice-cold  water,  namely 
188060  grains,  would  require  the  combuftion  of 
no  lefs  than  2303.8  grains  (z=4rlrOz.  Troy)  of  wax, 
to- heat  it  1 So  degrees. 


As 
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As  the  Experiment  (N°  3)  in  which  the  given 
quantity  of  Heat  was  generated  by  friffion,  lafted 
2 hours  and  30  minutes,  — 150  minutes,  it  is 
neceflary,  for  the  purpofe  of  afcertaining  how 
many  wax-candles  of  any  given  fize  mult  burn  to- 
gether, in  order  that  in  the  combuftion  of  them 
the  given  quantity  of  Heat  may  be  generated  in  the 
given  time,  and  confequently  with  the  fame  celerity 
as  that  with  which  the  Heat  was  generated  by 
fri&ion  in  the  experiment,  that  the  fize  of  the 
candles  fhould  be  determined,  and  the  quantity  of 
wax  confumed  in  a given  time  by  each  candle,  in 
burning  equably,  fhould  be  known. 

Now  I found  by  an  Experiment,  made  on  pur- 
pofe to  finifh  thefe  computations,  that  when  a good 
wax-candle,  of  a moderate  fize,  F of  an  inch  in  dia- 
meter, burns  with  a clear  flame,  juft  49  grains  of 
wax  are  confumed  in  30  minutes.  Hence  it  ap- 
pears, that  245  grains  of  wax  would  be  confumed 
by  fuch  a candle  in  1 50  minutes ; and  that,  to 
burn  the  quantity  of  wax  (=2303.8  grains)  ne- 
ceffary  to  produce  the  quantity  of  Heat  actually 
obtained  by  friflion  in  the  Experiment  in  queftion, 
and  in  the  given  time,  (150  minutes,)  nine  candles , 
burning  at  once,  would  not  be  fufficient ; for  9 
multiplied  into  245  (the  number  of  grains  con- 
fumed by  each  candle  in  150  minutes)  amounts  to 
no  more  than  2205  grains;  whereas  the  quantity 
of  wax  neceflary  to  be  burnt,  in  order  to  produce 
the  given  quantity  of  Heat,  was  found  to  be 
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From  the  refvdtof  thefe  computations  it  appears, 
that  the  quantity  of  Heat  produced  equably,  or  in 
a continual  ftream,  (if  I may  ufe  that  exprelhon,) 
by  the  fri&ion  of  the  blunt  fteel  borer  againft  the 
bottom  of  the  hollow  metallic  cylinder,  in  the 
* Experiment  under  confideration,  was  greater  than 
that  produced  equably  in  the  combuftion  of  nine 
wax-candles , each  4 of  an  inch  in  diameter,  all 
burning  together,  or  at  the  fame  time,  with  clear 
bright  flames. 

As  the  machinery  ufed  in  this  Experiment  could 
pafily  be  carried  round  by  the  force  of  one  horfe, 
(though,  to  render  the  work  lighter,  two  horfes 
were  actually  employed  in  doing  it,)  thefe  compu- 
tations Ihow  further  how  large  a quantity  of  Heat 
might  be  produced,  by  proper  mechanical  con- 
trivance, merely  by  the  ftrength  of  a horfe,  with- 
out either  fire,  light,  combuftion,  or  chemical  de- 
compofition  ; and,  in  a cafe  of  neceflity,  the  Heat 
thus  produced  might  be  ufedfn  cooking  vi&uals. 

But  no  circumftances  can  be  imagined,  in  which 
this  method  of  procuring  Heat  would  not  be  dif- 
advantageous ; for,  more  Heat  might  be  obtained 
by  ufing  the  fodder  neceflary  for  the  fupport  of  a 
horfe,~as  fuel. 

As  foon  as  the  laft-mentioned  Experiment 
(N°  3.)  was  finilhed,  the  water  in  the  wooden 

box  was  let  off,  and  the  box  removed  ; and  the 
borer  being  taken  out  of  the  cylinder,  the  fcaly 
metallic  powder,  which  had  been  produced  by 
the  fri&ion  of  the  borer  againft  the  bottom  of 
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the  cylinder,  was  collected,  and,  being  carefully 
weighed,  was  found  to  weigh  4145  grains,  or  about 
8^  oz.  Troy. 

As  this  quantity  was  produced  in  hours,  this 
gives  824  grains  for  the  quantity  produced  in  half 
an  hour. 

In  the  firft  Experiment,  which  lafted  only  half  an 
hour , the  quantity  produced  was  837  grains. 

In  the  Experiment  N°  1.  the  quantity  of  Heat 
generated,  in  half  an  hour , was  found  to  be  equal 
to  that  which  would  be  required  to  heat  5 lb. 
Avoirdupois  of  ice-cold  water  180  degrees,  or 
caufe  it  to  boil. 

According  to  the  refult  of  the  Experiment 
N°  3.  the  Heat  generated  in  half  an  hour  would 
have  caufed  5.31  lb.  of  ice-cold  water  to  boil. 
But,  in  this  laft-mentioned  Experiment,  the  Heat 
generated  being  more  effectually  confined,  lefs  of 
it  was  loft ; which  accounts  for  the  difference  of 
the  refults  of  the  two  Experiments. 

It  remains  for  me  to  give  an  account  of  one 
Experiment  more,  which  was  made  with  this  ap- 
paratus. I found  by  the  Experiment  N°  1.  how 
much  Eleat  was  generated  v'hen  the  air  had  free 
accefs  to  the  metallic  furfaces  which  were  rubbed 
together.  By  the  Experiment  N°  2.  I found 
that  the  quantity  of  Heat  generated  was  not  fen- 
fibly  diminifhed  when  the  free  accefs  of  the  air  vra$ 
prevented ; and  by  the  refult  of  N°  3.  it  ap- 
peared that  the  generation  of  the  Heat  was  not 
prevented,  or  retarded,  by  keeping  the  apparatus 
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irnmerfed  in  water.  But  as,  in  this  laft-mentioned 
Experiment,  the  water,  though  it  furrounded  the 
hollow  metallic  cylinder  on  every  fide,  externally, 
was  not  fullered  to  enter  the  cavity  of  its  bore, 
(being  prevented  by  the  pifton,)  and  consequently 
did  not  come  into  contact  with  the  metallic  furfaces 
where  the  Heat  was  generated  ; to  fee  what  efFefts 
would  be  produced  by  giving  the  water  free  accei’s 
to  thefe  furfaces,  I now  made  the 

Experiment , N°  4, 

The  piflon  which  clofed  the  end  of  the  bore  of 
the  cylinder  being  removed,  the  blunt  borer  and 
the  cylinder  were  once  more  put  together  ; and  the 
box  being  fixed  in  its  place,  and  filled  with  water, 
the  machinery  was  again  put  in  motion. 

There  was  nothing  in  the  refult  of  this  Experi- 
ment that  renders  it  necelfary  for  me  to  be  very 
particular  in  my  account  of  it.  Heat  was  gene- 
rated, as  in  the  former  Experiments,  and,  to  all 
appearance,  quite  as  rapidly  ; and  I have  no  doubt 
but  the  water  in  the  box  would  have  been  brought 
to  boil,  had  the  Experiment  been  continued  as  long 
as  the  laft.  The  only  circumlfance  that  furprifed 
me  was,  to  find  how  little  difference  was  occafioned 
in  the  noife  made  by  the  borer  in  rubbing  againft 
the  bottom  of  the  bore  of  the  cylinder,  by  filling 
the  bore  with  water.  This  noife,  which  was  very 
grating  to  the  ear,  and  fometimes  almoft  infup- 
portable,  was,  as  nearly  as  I could  judge  of  it, 
quite  as  loud,  and  as  difagreeable,  when  the  fur- 
faces 
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faces  rubbed  together  were  wet  with  water,  as 
when  they  were  in  contact  with  air. 

By  meditating  on  the  refults  of  all  thefe  Experi- 
ments, we  are  naturally  brought  to  that  great 
queflion  which  has  fo  often  been  the  fubjed  of 
fpeculation  among  philofophers ; namely, 

What  is  Heat  ? — Is  there  any  fuch  thing  as  an 
igneous  fluid ? — Is  there  any  thing  that  can  with 
propriety  be  called  caloric ? 

We  have  feen  that  a very  confiderable  quantity 
of  Heat  may  be  excited  in  the  Friction  of  two  me- 
tallic furfaces,  and  given  ofF  in  a conftant  dream 
or  flux,  in  all  directions , without  interruption  or 
intermiflion,  and  without  any  figns  of  diminution 
or  exhavfion. 

From  whence  came  the  Heat  which  was  con- 
tinually given  off  in  this  manner,  in  the  foregoing 
Experiments  ? Was  it  furnifhed  by  the  fmall  par- 
ticles of  metal,  detached  from  the  larger  folid 
mafies,  on  their  being  rubbed  together  ? — This,  as 
we  have  already  feen,  could  net  po'flibly  have  been 
the  cafe. 

Was  it  furnifhed  by  the  air  ? — This  could  not 
have  been  the  cafe ; for,  in  three  of  the  Experi- 
ments, the  machinery  being  kept  immerfed  in 
\vater,  the  accefs  of  the  air  of  the  atmofphere  was 
completely  prevented. 

Was  it  furnifhed  bv  the  water  which  furrounded 

j 

the  machinery  ? — That  this  could  not  have  been  the 
cafe  is  evident : firf , becaufe  this  water  was  con- 
tinually receiving  Heat  from  the  machinery,  and 

could 
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could  not,  at  the  fame  time,  be  giving  to , and  re- 
ceiving Heat  from , the  fame  body  ; and  fecondly , 
becaufe  there  was  no  chemical  decompofition  of 
any  part  of  this  water.  Had  any  fuch  decompofi- 
tion taken  place,  (which  indeed  could  not  reason- 
ably have  been  expeded,)  one  of  its  component 
elaflic  fluids  (mod  probably  inflammable  air)  mud, 
at  the  fame  time,  have  been  fet  at  liberty,  and,  in 
making  its  efcape  into  the  atmofpheie,  would  have 
been  detected  ; but  though  I frequently  examined 
the  water  to  fee  if  any  air  bubbles  rofe  up  through 
it,  and  had  even  made  preparations  for  catching 
them,  in  order  to  examine  them,  if  any  ihould 
appear,  I could  perceive  none ; nor  was  there  any 
fign  of  decompofition  of  any  kind  whatever,  or 
other  chemical  procefs,  going  on  in  the  water. 

• Is  it  poflible  that  the  Heat  could  have  been 
Supplied  by  means  of  the  iron  bar  to  the  end  of 
which  the  blunt  fteel  borer  was  iixed  ? or  by  the 
Small  neck  of  gun-metal  by  which  the  hollow 
cylinder  was  united  to  the  cannon  ? — Thefe  fuppo- 
fitions  appear  more  improbable  even  than  either  of 
thofe  before  mentioned  ; for  Heat  was  continually 
going  oft',  or  out  of  the  machinery , by  both  thefe 
paflages,  during  the  whole  time  the  Experiment 
lafted. 

And,  in  reafoning  on  this  fubjed,  we  mud  not 
forget  to  confider  that  moft  remarkable  circumftance , 
that  the  fource  of  the  Heat  generated  by  fridion, 
in  thefe  Experiments,  appeared  evidently  to  be 
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It  is  hardly  neceffary  to  add,  that  any  thing 
which  any  infulated  body,  or  fyftem  of  bodies,  can. 
continue  to  furnilh  without  limitation , cannot  pof- 
fibly  be  a material  fubjlance : and  it  appears  to  me 
to  be  extremely  difficult,  if  not  quite  impoffible*  to 
form  any  diflinfl  idea  of  any  thing,  capable  of 
being  excited  and  communicated,  in  the  manner 
the  Heat  was  excited  and  communicated  in  thefe 
Experiments,  except  it  be  motion. 

I am  very  far  from  pretending  to  know  how,  or 
by  what  means,  or  mechanical  contrivance,  that 
particular  kind  of  motion  in  bodies,  which  has 
been  fuppofed  to  conllitute  Heat,  is  excited,  con- 
tinued, and  propagated  ; and  I ffiall  not  prefume  to 
trouble  the  Society  with  mere  conjectures  ; par- 
ticularly on  a fubjeft,  which,  during  fo  many  thou- 
fand  years,  the  molt  enlightened  philofophers  have 
endeavoured,  but  in  vain,  to  comprehend. 

But,  although  the  mechanifm  of  Heat  ffiould,  in 
fafl,  be  one  of  thofe  mylteries  of  nature  which 
are  beyond  the  reach  of  human  intelligence,  this 
ought  by  no  means  to  difeourage  us,  or  even  lpllen 
our  ardour,  in  our  attempts  to  invefligate  the  lawrs 
of  its  operations.  How  far  can  we  advance  in  any 
<of  the  paths  which  fcience  has  opened  to  us, 
before  we  find  ourfelves  enveloped  in  thofe  thick 
mills  which,  on  every  fide,  bound  the  horizon  of 
the  human  intellect  ? But  how  ample,  and  how 
interelling,  is  the  field  that  is  given  us  to  ex-, 
plore ! 
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Nobody,  furely,  in  his  fober  fenfes,  has  ever 
pretended  to  underhand  the  mechanifm  of  gravi- 
tation ; and  yet  what  fublime  difcoveries  was  our 
immortal  Newton  enabled  to  make,  merely  by 
the  invelligation  of  the  laws  of  its  a&ion  ! 

The  effects  produced  in  the  world  by  the  agency 
of  Heat  are  probably  juft  as  cxtcnfive^  and  quite 
as  important,  as  thofe  which  are  owing  to  the 
tendency  of  the  particles  of  matter  towards  each 
other  ; and  there  is  no  doubt  but  its  operations 
are,  in  all  cafes,  determined  by  laws  equally 
immutable. 

Before  I finilh  this  Effay,  I would  beg  leave  to 
obferve,  that  although,  in  treating  the  fubject  I 
have  endeavoured  to  invefligate,  I have  made  no 
mention  of  the  names  of  thofe  who  have  gone 
over  the  fame  ground  before  me,  nor  of  the  fuc- 
cefs  of  their  labours ; this  omiffion  has  not  been 
owing  to  any  want  of  refpedl  for  my  predeceffors, 
but  was  merely  to  avoid  prolixity,  and  to  be  more 
at  liberty  to  purfue,  without  interruption,  the  na- 
tural train  of  my  own  ideas. 
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Description  of  the  Figures. 

Fig.  i.  fhows  the  cannon  ufed  in  the  foregoing 
Experiments,  in  the  flate  it  was  in  when  it  came 
from  the  foundry. 

Fig.  2.  fhows  the  machinery  ufed  in  the  Ex- 
periments N°  i.  and  N°  2.  The  cannon  is  feen 
fixed  in  the  machine  ufed  for  boring  cannon.  W 
is  a flrong  iron  bar,  (which,  to  fave  room  in  the 
drawing,  is  represented  as  broken  off,}  which  bar, 
being  united  with  machinery  (not  expreffed  in  the 
figure)  that  is  carried  round  by  horfes,  caufes  the 
cannon  to  turn  round  its  axis. 

111  is  a flrong  iron  bar,  to  the  end  of  which  the 
blunt  borer  is  fixed ; which,  by  being  forced 
againft  the  bottom  of  the  bore  of  the  fhort  hollow 
cylinder  that  remains  conne&ed  by  a fmall  cylindri- 
cal neck  to  the  end  of  the  cannon,  is  ufed  in  gene- 
rating Fleat  by  friction. 

Fig.  3.  fhows,  on  an  enlarged  fcale,  the  fame 
hollow  cylinder  that  is  reprefented  on  a fmaller 
fcale  in  the  foregoing  Figure.  It  is  here  feen  con- 
nefted  with  the  wooden  box  (g,  h,  i,  k,)  ufed  in 
the  Experiments  N°  3.  and  N°  4.  when  this  hol- 
low cylinder  was  immerfed  in  water. 

/>,  which  is  marked  by  dotted  lines,  is  the  piflon 
which  clofed  the  end  of  the  bore  of  the  cylinder. 

n is  the  blunt  borer  feen  fidewife. 

<r/,  e , is  the  fmall  hole  by  which  the  thermo- 
meter was  introduced,  that  was  ufed  for  afeertain- 

ing 
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ing  the  Heat  of  the  cylinder.  To  fave  room  in  the 
drawing,  the  cannon  is  reprefented  broken  off 
near  its  muzzle ; and  the  iron  bar,  to  which  the 
blunt  borer  is  fixed,  is  reprefented  broken  off 
at  m. 

Fig.  4.  is  a perfpettive  view  of  the  wooden  box, 
a fe&ion  of  which  is  feen  in  the  foregoing  Figure. 
(See  g,  h,  x,  k.  Fig.  3.) 

Fig.  5.  and  6.  reprefent  the  blunt  borer  n,  joined 
to  the  iron  bar  m,  to  which  it  was  faftened. 

Fig.  7.  and  8.  reprefent  the  fame  borer,  with  its 
non  bar,  together  with  the  piflon,  which,  in  the 
Experiments  N°  2.  and  N°  3.  was  ufed  to  clofe 
the  mouth  of  the  hollow  cylinder. 
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